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STUDY TRANSFUSED BLOOD. 


ORGANISM. 


(From the Department Experimental Bacteriology the Mayo Foundation, 
Rochester, Minnesota.) 


(Received for publication, January 31, 1921.) 


was hoped that some light might thrown the length 
life normal blood corpuscles and the mechanism their removal 
from the circulation the study the elimination transfused 

blood, which possible make when the transfused blood 
group unlike that the recipient. This study has brought light 
two facts, first, that the length time that transfused blood remains 
the circulation varies greatly; and second, that the elimination 
not continuous process but takes place more less cyclic 
crises, that the responsibility for the disappearance transfused 
blood from the circulation seems rest more heavily this cyclic 
activity the body than upon the condition the corpuscle. 


The prubable life the blood corpuscle was reduced days less 
calculation based upon bile pigment output, made Zoja and others, after the 
time Ward-Muller, Quinck, von Ott, and Hunter, who from transfusion experi- 
ments dogs concluded that the life the normal corpuscle was from 
days. The experimental results Todd and White (1909-10) upon cattle, ob- 
tained using isohemolytic serum separate out transfused blood, are 
agreement with the shorter period. The work Whipple and Hooper, however, 
who show that bile pigment only part derived from blood pigment, has made 
the shorter calculations based bile pigment excretion untenable. The obser- 
vations Rous and Turner, who kept rabbit corpuscles vitro for days and 
then substituted them for rabbit’s own blood without any abnormal results, 
would also indicate longer life the corpuscles, own results (1919, 
the study transfused blood man. 

for the mechanism blood elimination, must undoubtedly give credit 
some extent phagocytosis, which plays more less important part all 
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animals and appears, moreover, capable extension under 
Keyes finds wide range animals that the physiologic destruction the 
animals’ own red blood corpuscles accomplished specialized fixed tissue 
phagocytes, which are confined largely the liver the spleen. birds, 
amphibia, and the lower mammals the phagocytic activity most marked the 
liver; the higher animals most marked the spleen. Rous and Robertson 
(1917) made quantitative estimates the presence phagocytes the spleen 
guinea pigs, cats, dogs, rabbits, rhesus monkeys, and man, and found that al- 
though some these animals were present numbers that 
might account for physiologic blood destruction, the monkey and man these 
were few. Muir, the study phagocytosis rather large series cases 
empyema, smallpox, and pneumonia, found that phagocytosis was negligible 
the bone marrow, but that the spleen phagocytic activity was displayed against 
the native red blood corpuscles cells the splenic pulp and certain hya- 
line leucocytes within the pulp. Carey, using intravenous injections foreign 
red cells, and Downey, using intravenous injections dye granules, found that 
under increased stimulation there increase the number cells which 
act phagocytes. Downey believes that many cells, may, 
under stimulation, become phagocytic. Carey finds under repeated stimulation 
extension phagocytic activity from cells the spleen those the liver. 

Rous and Robertson (1917) have recently given knowledge second 
method blood destruction, that fragmentation the blood stream with, 
would seem, filtering out these fragments the spleen. This they consider 
man have greater importance than phagocytosis. 

There are certain anomalous findings that suggest the possibility that spe- 
cific antibody mechanism responsible for physiologic blood destruction. Todd 
and White’s (1909-10) isohemolytic serum would not hemolyze corpuscles 
the presence serum unless guinea pig complement was added, but 
when injected intravenously into oxen produced massive hemolysis. Todd and 
White considered that this indicated the presence some organ the body 
which was able produce the activating effect guinea pig complement. Rous 
and Robertson (1918) found some their rabbits that had been receiving 
massive doses rabbit blood that isoagglutinin developed which caused 
agglutination the corpuscles the animals room temperature. This agglu- 
tinin tended appear those rabbits which the face heavy blood injections 
developed anemia. Davis and Macgregor both report evidence erythro- 
phagocytic bodies meningitic patients, and paroxysmal hemoglobinuria 
have the isohemolysin which only unites with complement low temperatures. 
Although one tempted speculate upon the possibility that physiologic blood 
corpuscle destruction produced some organ organs the body that 
form antibody having lytic and opsonic qualities and promoting fragmenta- 
tion and phagocytosis, have evidence that any such antibody exists. 
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can draw parallel between the elimination transfused 
blood and normal blood destruction, the following study trans- 
fused blood makes, feel, contribution our understanding 
blood destruction that would seem connect the process with 
the activity the endocrine gland system. 


Method. 


the following work the elimination transfused blood has been studied 
individuals Groups and III receiving Group transfusions. The 
method used was that published originally The Journal Experimental 
Medicine (1919, a), with certain modifications described the Medical Clinics 
North America (1919, b). consists, brief, diluting the recipient’s blood 
after transfusion with Group serum. This agglutinates the native corpuscles, 
leaving the transfused corpuscles free and capable being counted hemocytom- 
eter. The dilution made white blood-counting pipette, Group citrated 
serum being used the diluent, and the mixture expelled into Wassermann 
tubes. The tubes are incubated for minutes with shaking, and allowed 
stand room temperature for from minutes. count made 
daylight, or, necessary use artificial light, care taken protect the 
corpuscles from its effect. All counts are made duplicate. 

Since the use this technique necessary that the transfused blood 
different group from the recipient’s blood seemed more desirable, were 
feasible, use the method Todd and White (1909-10), which cattle gives 
differentiation between the blood individuals. Patients who had received 
series from four five 500 cc. transfusions were tested for hemolysin. Blood 
plasma from these patients was used both fresh without guinea pig complement 
and with guinea pig complement against corpuscles the group which the 
plasma belonged. Neither agglutinins nor hemolysins could detected. This 
method not applicable. 


harmony with the current conception the behavior native 
corpuscles, assumed that transfused blood corpuscles would slowly 
deteriorate the circulation and upon reaching certain degree 
degeneration either fragment phagocytosed, while their 
place was taken new corpuscles. this should the case, 
the injection normal blood into individuals not having blood 
disease one would expect certain approximate equality the length 
time that expires before the transfused blood leaves the cir- 
culation, and studying several curves elimination the end 
seemed probable that figure could obtained that would roughly 
represent the length life the newest corpuscles injected. 
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RESULTS. 


Text-fig. are given the curves elimination transfused 
blood the eight cases individuals without blood disease which 
have been studied complete elimination nearly complete 
elimination. The time taken for elimination was approximately 100, 
72, 49, 63, 38, 30, 34, and days. 


showing the variability the time taken individuals 
without blood disease eliminate Group transfused blood. indicates 
Group transfusion. 


these data the variation the time taken eliminate Group 
transfused blood great that time can given the aver- 
age length life the transfused corpuscles. Although slight 
individual differences bloods can noted with respect resis- 
tance hypertonic salt solution and other hemolysins, would 
hardly seem probable that great difference the time elim- 
ination that between 100 days and days could attributed 
differences resistance the transfused bloods, which dif- 
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ferences resistance hypertonic salt solution might index. 
will noted that the longest curve, 100 days (Case 119), was 
obtained the case man health, while the elimination time 
was days the case very cachectic cancer patient 
(Case 48). generalization, however, can made from this, 
patient (Case whose blood had returned normal after hys- 
terectomy eliminated the transfused blood days, and 
patient who died with long standing infection (Case 95) had shown 
definite sign elimination the transfused blood after days. 
The protocols these individuals are given below. 


Case 6.—A woman, aged years; weight 138 pounds. operation for 
fibroid the uterus was performed, followed two transfusions because 
severe hemorrhage. 

Case woman, aged years, whose normal weight was 100 pounds, was 
transfused previous subtotal hysterectomy. The convalescence was satis- 
factory. 

Case 21.—A woman, aged years, weighing pounds, had common duct 
obstruction, and tertiary syphilis the liver. 

Case woman, aged years, weighing 127 pounds, had cancer the 
breast with extensive glandular involvement. The menstrual periods had been 
regular February 1919. There was further menstruation until March 
28, when the menstrual flow began and continued until April 23. the menstrual 
periods had continued regular after February, they should have occurred 
March April and May April radical operation was performed, 
followed transfusion. 

Case 76.—A woman, aged years, had chondrosarcoma the right ribs. 
two-stage operation was performed for removal the tumor. Each operation 
was followed Group transfusion blood. 

Case 96.—A woman, aged years, had malignant pelvic tumor. total 
hysterectomy was performed, followed blood transfusion. 

Cases 116 and 119 are given below. 


With reference the cyclic elimination the transfused blood, 
material brings out five points. (1) The curves elimination 
Group transfused blood show gradual downward 
curve day day, which would expected assumed that blood 
corpuscles gradually wear out and are replaced. When due allow- 
ance has been made for blood volume changes, will seen that 
the count stays level for long time. (2) When the counts 
have been taken sufficiently close together the curve elimination 
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makes sudden drop lower level, which again remains for 
many days. are longer periods elimination and shorter 
periods elimination. (3) The nature these drops such that 
they are more likely due active destruction the part 
the body than to, what would the other possibility, coinci- 


Curves showing that over long period time there 
elimination transfused blood. indicates Group transfusion. 


dent spontaneous disintegration the corpuscles. (4) Accompany- 
ing these drops the count the transfused blood, there.is usu- 
ally activity the bone marrow indicated rise the total 


blood count. (5) women these drops are related the men- 
strual 
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Text-fig. illustrates the fact that over long period time there 


elimination transfused blood. The protocols these cases 
follow. 


Case 22.—A man, aged years, weighing 103 pounds, had duodenal ulcer and 
chronic appendicitis. posterior gastroenterostomy and appendectomy were 
performed, followed transfusion. 


Case 23.—A man, aged years, weighing pounds, had pernicious anemia 
and was given series transfusions. 

Case 50.—A man, aged years, farm laborer powerful build, received 
transfusion after appendectomy and gall bladder operation. 

Case 65.—A boy, aged years, weighed pounds. diagnosis lymphatic 
leucemia was made. was transfused. 

Case 73.—A woman, aged years, weighing 120 pounds, had pernicious 
anemia. She received series transfusions. 

Case woman, aged years, weighing 137 pounds, with pernicious 
anemia, received series transfusions. 

Case woman, aged years, was given transfusion because post- 
operative hemorrhage after gall bladder operation. the 8th and 9th days 
after transfusion subcutaneous injections saline solution were given because 
continuous vomiting. 

Case 95.—A man, aged years, had arteriovenous aneurysm between the 
popliteal artery and vein, resulting from injury bullet. After operation 
secondary hemorrhage developed, necessitating transfusion days later. 
the 19th day after transfusion the leg was amputated for dry gangrene. 
the 55th day following hemorrhage, pelvic exploration was done. The patient 
died the 57th day after transfusion. 

Case man, aged years, weighing 155 pounds, had pernicious anemia 
and was given series transfusions. 

Case 99.—A girl, aged years, weighing 100 pounds, was given blood 
transfusion for secondary anemia due malaria. Following medication there 
were more chills. 

Case woman, aged years, weighing 141 pounds, was given blood 
transfusion January 26, 1920, because secondary anemia. Normal menstrua- 


tion occurred while the patient was under observation, January 26, February 27, 
and March 24. 


The protocols cases included Text-fig. are given below. 
Cases 116 and 119 the tabulation the blood counts, which are 
omitted other instances save the cost reproduction, are par- 
tially given, the length time over which the study was made 
necessitated reduction the charts, which leaves -them inade- 
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quate evidence the small changes which constitute the later 
drops the count. 


Case 55.—A woman, aged years, whose menopause had occurred years 
before, was completely jaundiced from common duct obstruction. There was 
bile the urine. 


Count corpuscles millio 


Curves elimination Group transfused blood two men, 
and woman passed the menopause, showing that there are comparatively short 
periods elimination and that these periods are irregularly cyclic. 
Count unagglutinated corpuscles. Total red blood count. indicates 
Group transfusion; like group transfusion. The cross-hatched triangle 
calls attention periods elimination. 


Case 116.—A man, aged years, weighing 125 pounds, had been troubled 
with bleeding the nose for the past years. had bleeding time 
minutes and coagulation time minutes; platelets were 88,000, and hemo- 
globin per cent. The diagnosis was hemorrhagic purpura. One transfusion 
was given January 29, 1920. March the hemoglobin was per cent. 


H 


Length time after transfusion. 


days 
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(Transfusion with 500 cc. Group 


citrated blood.) 


556,000 
566,000 
522,000 
555,000 
495,000 
466,000 
487,000 
416,000 
466,000 
313,000 
295,000 
221,000 
250,000 
255,000 
162,000 
168,000 
163,000 
166,000 
170,000 
159,000 
162,000 
128,000 
145,000 
154,000 
163,000 

81,000 

93,000 
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No. unagglutinated corpuscles per c.mm. 


Case 119.—A man, aged years, with cystic tumor the base the 


tongue, came for examination because sudden hemorrhage. 


The patient’s 


blood condition rapidly returned normal after transfusion and was 


work. 
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Length time after transfusion. No. unagglutinated corpuscles per c.mm. 
days 
33,000 


(Transfusion with 500 cc. Group 
citrated blood.) 


441,000 

459,000 

500,000 
490,000 
350,000 
475,000 
270,000 
281,000 
282,000 
271,000 
260,000 
288,000 
281,000 
268,000 
272,000 
220,000 
223,000 
289,000 
224,000 
202,000 
211,000 
224,000 
222,000 
173,000 
157,000 
184,000 
100 118,000 
109 118,000 


Text-fig. presents the curves Cases and 96, the protocols 
which are given above. 

Protocols cases included Text-fig. are given below with 
the exception Cases and 115 which are presented above. 


Case woman, aged years, weighing 133 pounds, good general 
health had multiple lipomata, which were removed. The following day trans- 
fusion blood was given because postoperative hemorrhage. Convalescence 
was excellent. Menstruation began the 35th day after transfusion and 
ended the 38th day. 


. 
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Case 47.—A woman, aged years, weighed 105 pounds. partial thyroid- 
ectomy was performed, which was followed transfusion. The patient 
made uneventful recovery. Menstruation began the 37th day after trans- 
fusion. 

Case 68.—A woman, aged years, weighing pounds, had pernicious ane- 
mia. The patient claimed that her menstrual period was usually days. 


Hl i i i 


Cc 


The drops the curves elimination transfused blood 
three women who received transfusion with hysterectomy. The drops took 
place approximately the same time after operation. Unagglutinated 
corpuscles. Total red blood count. ‘indicates Group transfusion. 
The cross-hatched triangle calls attention periods elimination. 


While she was under observation menstruation occurred, beginning days before 
transfusion, June 24, 1919. Menstruation did not occur July 18, when the 
patient expected it. The patient died August 24. 

Case 92.—A woman, aged years, weighing 215 pounds, had bleeding uterine 
fibroids, marked secondary anemia, and degenerating colloid goiter. She was 
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given three transfusions, two which were Group blood, after which 
partial thyroidectomy was done. Menstruation began days after the last 
Group transfusion, but stopped immediately, although previously bleeding 
had been profuse. 


] 


CO 


Count corpuscles millions per 


re 


Curves illustrating the drop transfused blood that takes place 
the menstrual period. indicates the beginning menstrual period; 
indicates the time which menstruation should have occurred. Un- 
transfusion; like group transfusion. 
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Case woman, aged years, had pernicious anemia and received 
series transfusions. While under observation profuse menstruation took place, 
beginning the 24th day after the Group transfusion. 


examining these curves must borne mind that several 
factors other than blood elimination will bring about changes the 
corpuscle count. these the most important due dilution from 
increase blood volume. Robertson and Bock have shown, and 
experience corroborates theirs, that after hemorrhage there 
often only slow return normal blood volume. probable, too, 
that changes the capillary circulation cause changes the blood 
count taken from the ear which not represent changes the av- 
erage corpuscle content. Robertson and Bock have shown that 
cases which the blood volume was low the difference between 
the capillary and vein hemoglobin might much per cent 
the vein hemoglobin. There seem also daily changes 
theblood volume certain patients. Curves are very much smoother 
which the counts have all been made the same time day. 

will seen Text-fig. that definite elimination shown 
the curves there represented. Case there was change 
that could interpreted elimination transfused blood 
days. Case 115 after slight initial drop, presumably from 
blood volume adjustment, the count was constant within errors 
technique for days. this instance the counts were taken 
the same time day. Case the patient was under obser- 
vation for days, with definite change other than the initial 
blood volume adjustment and adjustment after severe vomiting. 
Case there was elimination days. these curves 
maintain level for long time, indicating that during that time there 
was elimination, obvious that, the blood eventually 
eliminated, not eliminated continuous process but 
intermittent process. 

Text-fig. shows two curves elimination transfused blood 
men, one normal and the other with purpura several years stand- 
ing, but fairly good health, and the third, woman beyond 
the menopause, who was jaundiced. will seen that these 
curves there are periods elimination which are short and probably 
would have proved shorter the counts had been taken closer 


- 


140 STUDY TRANSFUSED BLOOD. 


together. The first drop Case 119 took place between two counts 
spaced days apart. The drop Case took place between 
counts that were taken days apart. The first drop Case 116 
took place between two counts that were days apart; the apparent 
further drop the following day due change technicians. 
would seem, then, that these drops take place rapidly. 

will seen that there periodicity, although somewhat 
irregular one, the period elimination the two men, ranging 
the normal man from days. Accompanying these 
drops there tends increase the total blood count. 

examining the nature the falls the curves will seen 
that they are such suggest blood-destroying activity the 
part the body rather than spontaneous disintegration simul- 
taneously formed corpuscles. For postulate blood destruc- 
tion which dependent solely the condition degeneracy the 
corpuscle, shall have assume not only that blood formation 
takes place short periods, which may the case, although the 
continued presence reticulated corpuscles would seem indicate 
that there least some continuous formation, but also that the 
individual corpuscles are uniform that the wear and tear which 
they experience after months (Case 119) the circulation bring 
them simultaneous disintegration point. But even are 
willing make this assumption, further examination the figures 
does not bear out this hypothesis. For the condition wear and 
tear were wholly responsible for initiating the destruction the 
corpuscles, should expect regularity the rate their dis- 
appearance. If, for instance, the corpuscles which were transfused 
had been formed sharp crises every weeks and their life were 
weeks, then one-fourth the corpuscles was due live weeks, 
one-fourth weeks, one-fourth weeks, and on. Equal amounts 
should have disappeared each period elimination. But this was 
not the case; far the largest fall came the first periods elim- 
ination. Case 119 the first drop was 200,000, nearly one-half 
the blood transfused, while subsequent drops were each approxi- 
mately 80,000, one-fifth the original blood injected. Case 116 
the first drop was 150,000, three-eighths the blood injected, 
while subsequent drops were 90,000 and 80,000, about two-tenths 


4 
| 


WINIFRED ASHBY 141 


the injected blood. These figures seem place the elimination 
with reference some active process the part the body, probably 
modified the condition the corpuscles and the number present 
the circulation. 

Text-fig. are included the curves the three women studied 
who received Group transfusions immediately before subsequent 
hysterectomy. each case period elimination came between 
the 25th and 30th days after hysterectomy. The elimination would 
probably have proved sharper the counts had been taken closer 
together. one these women second period elimination 
occurred about days after the first. This suggests, although the 
series too short have conclusion drawn from it, that some 
way the hysterectomy initiated cycle equivalent the menstrual 
cycle, and when complete elimination did not take place the sub- 
sequent periodicity elimination was irregular the case the 
two men. 

Text-fig, summarizes all the data that have been able obtain 
the relationship between the elimination transfused blood and 
the menstrual period. Six menstruations, and two periods when 
menstruation should have occurred but did not, were observed. 
There has been exception the fact that elimination trans- 
fused blood that could not accounted for simple blood loss 
from the menstrual flow occurred during the menstrual period. 
has not always happened that when menstruation should have oc- 
curred but did not that there was elimination transfused blood. 
the two cases which the elimination did occur without the 
appearance the menstrual flow, the women were condition 
extreme anemia, and probable that the suppression the 
flow was due the anemia rather than the suspension the men- 
strual process. 

Case 115, which was the most intensive study made, the patient’s 
blood volume was low and her count showed great variation during 
the day, being much higher the morning than the evening, 
that only counts taken the same time day were comparable. 
Those taken through the menstrual period that came days after 
transfusion were made the morning one observer; those during 
the menstrual period that came days after transfusion were made 
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second observer, and the evening. The count which deter- 
mines the further end the line connecting the two menstrual 
periods was made the first observer p.m. The nearer end 
the line determined from calculated figure. will noted 
that during the earlier menstrual period, although there was de- 
crease the total red blood cell count, there was some increase 
the hemoglobin. this time the transfused blood had higher 
index than the patient’s blood, being 0.7 per cent, while the patient’s 
blood was 0.5. During period there wasarise the 
total blood count. Case 38, with very slight menstruation, there 
was elimination more than half the transfused blood; the prelim- 
inary fall this curve due blood volume adjustment. There 
had been massive hemorrhage, and the patient’s blood volume was 
low. Case 103, that pernicious anemia patient, although the 
menstrual flow was profuse, there was moderate fall the trans- 
fused blood and slight increase the total count. Case 48, 
which menstruation did not occur when was due, there was 
complete elimination the transfused blood with slight temporary 
rise the total blood count. Case 68, one pernicious anemia, 
big fall the Group transfused blood occurred beginning the 
21st day, which may have been part due blood volume im- 
provement, the patient’s blood volume had been exceedingly 
low, and her general condition the face what seemed 
period blood loss became worse. There was, however, 
this time marked elimination the native corpuscles and like 
group corpuscles, since the difference between the patient’s whole 
blood count and the count the transfused blood became slight 
that was within the limit experimental error. From the 21st 
the 25th days the difference between the two counts increased 
again, which view the practically complete elimination the 
patient’s own blood must indicate coincident blood production. 


DISCUSSION. 


There seems little doubt that the elimination Group 
transfused blood brought about active destroying process 
the body which some part metabolic cycle, evidenced 
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women menstruation. Whether the Group transfused blood 
eliminated part general blood-eliminating effort the 
terest. The fact that the Group transfused blood stays the 
circulation for considerable lengths time would argument 
against its foreign relationship the body, but, the other hand, 
studies Group transfusions patients with pernicious 
anemia, the Group transfused blood has remained the circu- 
lation the presence destruction the patient’s own blood, and 
one instance, Case 68, the presence destruction transfused 
blood the same group the patient’s. would seem that 
the elimination the Group blood takes place because normal 
blood-eliminating process, either there must two processes, one 
which can handle the blood the unlike group, while the other 
cannot, else that certain pressure elimination must attained 
before the threshold reached for the elimination Group 
which apparently more difficult destroy. Unless assumed 
that some Group transfusions are, relative the patient’s own 
blood, less enduring than others, the latter would not seem the 
case because some instances have seen complete elimination 
the transfused blood one elimination period, which would, 
the assumption higher threshold mechanism, necessitate 
tremendous coincident elimination the recipient’s blood. 
assume two processes work the physiologic elimination blood, 
one which more able handle the apparently slightly foreign 
Group blood, might conceive part more general 
lytic phagocytic function which has one its expressions 
activity the sloughing the endometrium and which able over- 
step the group differences. the other hand, this periodic elim- 
ination transfused blood may not due any specific blood- 
eliminative activity, but non-specific eliminative activity. 

would matter great interest know whether not 
normal physiologic blood elimination also takes place sharp cyc- 
lic crises. Satisfactory evidence this point difficult obtain 
because there such blood elimination may masked pro- 
duction, there any apparent drop the total blood count 
not present know that not due changes blood 
volume uneven distribution corpuscles. 
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Carnot and Deflandre, Pélzl, and Sfameni, who studied the changes the red 
corpuscle count over the menstrual cycle, report increase the count before 
the menstrual period, with fall upon the onset menstruation, which fall has 
relationship the amount blood lost the menstrual flow. anemic 
women improvement the blood was noted after menstruation. Carnot and 
Deflandre point out that the fall may only apparent, due the accumulation 
corpuscles the congested pelvic organs, but call attention the various 
toxic phenomena which accompany menstruation and the vitality which follows 
the period. generally conceded that menstruation not local but 
generalized process. The numerous instances vicarious menstruation seem 
place this point beyond discussion, and there addition supporting evidence 
derived from metabolic studies, such creatine excretion, nitrogen retention, 
reported Schrader, blood calcium reported Bell, changes blood cholesterol 
reported Gonalons, and increase basal metabolic rate reported Ford. 
The fact that some generalized change takes place this time and with 
destruction transfused blood strongly suggestive that the drop the red 
count reported also due corpuscle destruction process rather than 
change blood volume uneven distribution corpuscles. The fact, too, 
that the blood picture anemic women has been observed definitely improve 
after menstruation, addition being evidence favor the crisis 
corpuscle production, supports the idea coincident crisis destruction. 


SUMMARY AND CONCLUSIONS. 


Group transfused blood recipient unlike group elim- 
inated blood-destroying activity the body. 

This blood-destroying activity periodic both men and women, 
and women coincident with menstruation. 

The elimination the transfused blood probably takes place 
part period blood-destroying and blood-producing activity 
the body, although direct evidence this effect far lacking. 
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II. DESTRUCTION PERNICIOUS ANEMIA. 
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Many the older writers inclined the idea that pernicious 
anemia fundamentally failure erythrogenesis, but the light 
recent investigation more generally assumed that increased 
blood destruction the important cause the anemia seen this 
disease. This assumption rests mainly upon increase hemosid- 
erin deposits the tissues, increase bile pigment output, the rapid 
falls that are seen the blood count, and the anemia the face 
what apparently hyperplasia the bone marrow. own 
results the study thirty-three cases pernicious anemia 
patients who received Group transfusions have not realized the 
intensive blood destruction that expected find. 

Upon going over the literature the subject find possible 
put more than one interpretation upon these facts increased 
bile pigment excretion, hemosiderin deposits, etc., which areusually 
assumed evidence high rate blood destruction per- 
nicious anemia. The increased activity the bone marrow judged 
the increased density mitotic figures and immature cells and 
the increased mass erythropoietic tissue may only apparent. 
there were some factor present which retarded the speed the 
process maturation and division, while the physiologic stimulus 
erythrocyte production brought into play the anemia caused 
increase the number cells dividing, might have such 
picture with decrease the total cell output. The hemosiderin 
deposit evidence only that iron not being kept circulation. 
This may due abnormal destruction hemoglobin, but 
equally possible that due failure utilize sufficiently quickly 
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the formation new hemoglobin, iron released normal rate 
blood destruction. Increased bile pigment output cannot ac- 
cepted evidence increased blood destruction because Whipple 
and Hooper have shown that bile pigment derived from other 
sources besides hemoglobin. conceivable that with depres- 
sion protein synthesis the pigment material which might have 
combined with globin form hemoglobin diverted the increase 
the bile pigment output. Urobilin and urobilinogen the duo- 
denal content and urine, although they may appear these excre- 


tions when there blood destruction, are only evidence that bili- 


rubin has been reduced before reaches the intestinal tract that 
was incompletely synthesized. Rapid falls the blood count 
can just plausibly explained the basis failure produc- 
tion and the physiologic end the corpuscle its abnormal 
destruction. All these facts hyperplastic bone marrow, increased 
bile pigment, etc., which from one angle seem point collectively 
towards excessive blood destruction can, changing the point 
view, made present just solid front against it. not 
feel that our laboratory studies pernicious anemia offer anything 
that can accepted absolute proof excessive blood destruction. 

Perhaps have our best evidence blood destruction per- 
nicious anemia when upon transfusion the total count fails increase 
even decreases and when the symptoms the patient not in- 
dicate any blood volume improvement. Since now believed 
that there intrinsic destructibility transfused blood, even 
citrated transfused blood, this failure the corpuscle content 
increase when corpuscles are injected evidence corpuscle de- 
struction. situation, however, the occasional one and, unless 
the patient succumbs, only temporary. evidence that there 
are least intermittent periods destruction, but does not 
support the idea which some investigators have continuous 
destruction. 

the assumption increased blood destruction, the prevailing 
opinions its cause cover all the possibilities. Most these can 
included under three headings. can conceive extra- 
neous hemolytic toxin causing injury the blood corpuscles, result- 
ing their destruction, either disintegration the circulation 
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later elimination the body. conceivable that toxin 
produced which does not act directly upon the blood cell the cir- 
culation, but affects the bone marrow that type corpuscle 
produced which either becomes effete more rapidly and, conse- 
quence disintegrates removed from the circulation, which 
deviates from normal blood such extent that removed 
because its foreign quality. Lastly, conceivable that with- 
out any injury the corpuscles the circulation corpuscle 
production, there might speeding the physiologic blood 
destruction agencies. also conceivable that all these effects 
might produced not specific toxin, but the toxic effect 
some abnormal metabolic habit brought about some past injury. 


The most popular conception the cause blood destruction pernicious 
anemia the hemolytic toxin. Wells,.in the new edition his Chemical pathol- 
ogy, says: together the above findings, see that pernicious 
anemia have every evidence that excessive hemolysis taking place, and the 
fact that continued poisoning toluylendiamine and other hemolytic poisons, 
such that Bothriocephalus, may give rise condition resembling pernicious 
anemia very closely, indicates strongly that hemolytic poisons are the cause 
pernicious 

Pappenheim says that other anemias, like pernicious anemias and 
hemolytic anemias, are the same time hemotoxic, myelotoxic, and splenopathic, 
but for all these manifestations the disease single toxin, the case 
toluylenediamine, may serve. convinced that inall cases the 
anemia due toxin. points out that these poisons, such toluylenedia- 
mine and pyrodine, which produce the anemia, are not hemolytic. 
Pyrodine, for instance, does not always produce the “hyperchrome” anemia, but 
sometimes first kills the animal from general organ poisoning. When the “hyper- 
chrome” anemia produced, Pappenheim considers that due tendency 
the animal organism transform the pyrodine into hydroxylamine, which 
hemolytic substance. thinks probable that the various conditions, lues, 
purpura, pregnancy, Bothriocephalus infection, etc., which seem sometimes cause 
pernicious anemia, because they establish some improper metabolic process, 
perhaps injury some unknown organ internal secretion, that the body 
forms the hemolytic toxin, hydroxylamine. 

Bunting, who produced condition resembling pernicious anemia with con- 
tinued small doses ricin, considers probable that the disease due the 
long continued action hemolytic poison, which produces the blood picture 
causing overstimulation the bone marrow. Herter, and 
others found hemolytic substances the intestinal tract and considered the 
anemia due their absorption, but experimental work establishes their view. 
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The production Schauman and Tallquist Bothriocephalus anemia dogs 
with hemolytic extracts from the worm rests too meager evidence accepted 
without further work. These investigators treated seven dogs with worm extract 
and pieces worms and produced only slight changes the blood all but one, 
which died with blood count 3,400,000 and without typical changes the 
blood picture. The claim made that these dogs clinically showed symptoms 
anemia, but clinical symptoms typical pernicious anemia are reported. 
Blanchard quotes Vlaiev’s negative attempts produce anemia rabbits and 
pigeons with extracts Bothriocephalus tapeworm. Seyderhelm, working with 
the bot-fly horses, reports that was able reproduce the typical anemia, 
not with the extract, which proved hemolytic, but with alcohol- 
insoluble material which vitro has solvent effect red blood corpuscles. 

Except for Bunting’s ricin, which besides being hemolytic has other strongly 
toxic properties, the establishment anything resembling pernicious anemia 
with hemolytic toxin does not seem have been clean-cut. 

Among the men who incline the idea that the blood destruction pernicious 
anemia due incompatibility low resistance the corpuscles brought about 
toxin are Gulland and Goodall, and Hirschfeld. MacCarty, this Clinic, 
considers probable that the erythrogenic process has become malignant and 
that the corpuscles are eliminated rapidly from the circulation because their 
foreign quality. have experimental proof lowered resistance the 
corpuscle pernicious anemia. 

The possibility excessive activity the physiologic blood-destructive 
process the body not emphasized the literature, although mention 
made it. The idea that sepsis the cause pernicious anemia may 
grounded Sajous points out that hemolysis occurs whenever 
toxins, either endogenous exogenous, appear the blood quantities sufficient 
excite defensive reaction. The antibodies then attack not only the toxins, but 
the erythrocytes well. Clark and Evans suggest the interesting possibility that 
the anemia the called hemolytic anemias may due reduction the 
power the blood serum protect the corpuscles from whatever hemolytic 
agencies they may come contact with normally the circulation and present 
experimental evidence that these anemias there reduction the protec- 
tive power the serum against sodium oleate. 


The following attempt was made obtain some understanding 
the mechanism which blood destruction brought about, 
means the study the elimination Group transfused 
blood. The technique used was that already described. Thirty- 
three patients with pernicious anemia not Group were given 
Group transfusions. Four them were under observation for 
about months, ten were observed for month more, eight for 
least days, and the rest for shorter periods time. 
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The object the study was first answer the question 
whether not there any hemolytic toxin work pernicious 
anemia comparing the curves elimination Group trans- 
fused blood these cases with those obtained from patients with- 
out any blood disease. acontrol, patients with other diseases, 
which was suspected that there might increased blood des- 
truction, were chosen for transfusion. 

was hoped that excessive destruction Group blood 
resulted the study might produce data that would give some clue 
which the other two possibilities, namely the intrinsic weak- 
ness the corpuscle the speeding normal blood destruction, 
responsible for the anemia. 


RESULTS. 


the four pernicious anemia patients (Text-fig. who were stud- 
ied until the elimination transfused blood was complete almost 
complete, the time taken for complete elimination two instances 
was 43) and 100 59) respectively. another 
(Case 97) elimination was not complete 100 days, and the fourth 
(Case 57) there were still some transfused corpuscles after days. 
These curves compare well with the longest complete curve elim- 
ination obtained normal individual and are much longer than the 
other seven completed curves obtained for individuals without blood 
diseases (Ashby). these four patients, one instance (Case 59) 
the transfusion brought about remission which lasted for over 
year. the other three cases was necessary give repeated 

‘transfusions during the time that the patients were under observation. 


Case patient was man, aged years, weighing 163 pounds. 
had free hydrochloric acid the stomach. had glossitis and combined 
sclerosis the cord. The red cell count was 1,900,000, with hemoglobin 
per cent, and color index 1.4+. The white count was 3,400, with per 
cent lymphocytes. There was marked anisocytosis and moderate poikilocytosis. 
Diagnosis pernicious anemia was made. series six 500 cc. transfusions 
citrated blood was given. 

Case 57.—The patient was man, aged years, weighing 157 pounds. 
complained general increase weakness, beginning years ago, when 
became sallow, lost his appetite, and his legs swelled. There were glossitis, and 
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numbness and tingling the feet. The red blood count was 1,136,000, hemo- 
globin per cent, color index 1.1+, leucocytes 4,200, polynuclear neutrophils 
per cent, lymphocytes 56.5 per cent, normoblasts per cent; marked anisocy- 
tosis and poikilocytosis. Diagnosis pernicious anemia was made. series 
eight 500 cc. transfusions citrated blood was given. 


5.0 


The curves elimination 500 cc. Group transfused 
blood four pernicious anemia patients, studied until elimination was com- 
plete nearly complete. 

Unagglutinated corpuscles. Total red blood count. indi- 
cates Group transfusion; like group transfusion. 


Case 59.—The patient was short woman, aged years, weighing 149 pounds. 
February, 1918, when she first came for examination, she was sallow and 
weak, had numbness hands and feet, and smooth tongue. red blood 
count was 1,900,000, color index leucocytes 3,400, and lymphocytes per 
cent. There were moderate anisocytosis and poikilocytosis. Diagnosis per- 
nicious anemia was made. She was given 2,500 cc. blood three transfusions 
the course month; this was followed months later two 500 cc. trans- 
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fusions. May, 1919, she returned, with red blood count 1,330,000 and 
was given one 500 cc. Group transfusion, after which she improved and main- 
tained fairly good count date. 

Case 97.—The patient was man, aged years, weighing 155 pounds. His 
chief complaint was weakness. had been gradually losing strength for 
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Days 


Elimination curves Group transfused blood ten per- 
nicious anemia patients under observation for days more. Unag- 
glutinated corpuscles. Total red blood count. indicates Group 
transfusion; like group transfusion. 
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years. had glossitis, absence free hydrochloric acid the stomach, and 
tingling and numbness the arms and legs. His red blood count was 2,240,000, 
hemoglobin per cent, color index 1.1—, and leucocyte count 4,000. The 
diagnosis made was pernicious anemia. The patient received series five 
(500 cc.) transfusions, citrated blood. Later returned for further trans- 
fusions. 

Case 23.—The patient was man, aged years, weighing 139} pounds. 
suffered from weakness, dating back years. years previous present date, 
with blood count 3,500,000 and color index 0.9+, glossitis, and pos- 
terior sclerosis, diagnosis was made pernicious anemia, the neurotic type. 
year later the patient returned, with red blood count 1,090,000, hemoglobin 
per cent, color index 1+, leucocytes 3,800, and red cell count 830,000. 
series four 500 cc. transfusions citrated blood was given. 

Case 26.—The patient was man, aged years, weighing pounds. The 
skin was lemon-yellow, the tongue atrophic, and there was systolic murmur 
over the base the heart. complained weakness, which began years ago. 
The hemoglobin was per cent, red blood count 1,480,000, color index 
and leucocyte count 2,600. diagnosis pernicious anemia was made. The 
patient received series transfusions 1918. received transfusions 
January, 1919, and again May, 1919. 

Case 60.—The patient was man, aged years, weighing 137 pounds. 
was pale, and extremely weak. The neurological examination showed com- 
bined sclerosis. There was test meal was not given. The 
blood picture was typical pernicious anemia. diagnosis pernicious 
anemia was made. Three transfusions were given, with improvement the 
patient’s condition. There have been subsequent remissions. 

Case 61.—The patient was man, aged years, weighing 152 pounds. There 
were weakness and combined sclerosis. The red cell count was 1,510,000, hemo- 
globin per cent, color index 1.1+, leucocyte count 2,000. diagnosis 
pernicious anemia was made. Four 500 cc. transfusions citrated blood were 
given. 

Case 73.—The patient was woman, aged years, weighing 110 pounds. 
Her chief complaint was weakness. July 28,1919. The red count 
hemoglobin per cent, color index 0.9—, leucocytes 5,000. There was marked 
anisocytosis. test meal was given, but digestion improved with hydro- 
chloric acid. Neurological examination showed spinal sclerosis the per- 
nicious anemia type. diagnosis pernicious anemia was made. The patient 
received series transfusions and returned home, where more transfusions 
were given. She died May, 1920. 

Case 79.—The patient was man, aged years, weighing 126 pounds. 
had palpable spleen, and there was free hydrochloric acid the stomach. 
The neurological showed nothing, and there was evidence 
glossitis. His red cell count was 1,120,000, hemoglobin per cent, color index 
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leucocyte count 4,800, neutrophilic myelocytes 4.5 per cent, normoblast 
count 200, and megaloblasts Diagnosis pernicious anemia was made. 
Three 500 cc. transfusions citrated blood were given. Since then the patient 
has returned twice for transfusions. 

Case 80.—The patient was man, aged years, weighing 154 pounds. 
had bald tongue, but evidence combined sclerosis. His chief complaint 
was weakness and indigestion. The red cell count was 1,960,000, hemoglobin 
per cent, color index 1+, leucocyte count 6,400, with small lymphocytes 
percent. There were moderate anisocytosis and poikilocytosis. Diagnosis 
pernicious anemia was made. (On the 15th day after transfusion the patient 
took magnesium sulfate for stool examination.) transfusions 500 cc. 
citrated blood were given. 

Case 89.—The patient was woman, aged years, who normally weighed 180 
pounds and time examination weighed 127 pounds. chief complaint 
was weakness. Transfusions elsewhere had improved her condition. She had 
pigmented skin, sore tongue, and free acid the stomach. The red blood 
count was 1,820,000, hemoglobin per cent, and color index The leuco- 
cytes were 6,200, lymphocytes 33.5 per cent, and normoblasts per cent. 
There were marked anisocytosis poikilocytosis. Diagnosis pernicious 
anemia was made. series four transfusions citrated blood (500 cc.) was 
given. 

Case 91.—The patient was woman, aged years, weighing 137 pounds. 
She showed marked weakness, glossitis, dyspnea, short pulmonic systolic mur- 
mur, edema, and early symptoms combined sclerosis. color was lemon- 
yellow. Red blood cell count was 1,440,000, hemoglobin per cent, color 
index 1.24, leucocytes 6,600, with polynuclear neutrophils per cent, small 
lymphocytes 39.5 per cent, large lymphocytes 2.5 per cent, eosinophils 1.5 per 
cent, neutrophilic myelocytes 0.5 per cent, normoblasts 1.5 per cent, megaloblasts 
0.5 per cent; moderate anisocytosis and poikilocytosis. The diagnosis was per- 
nicious anemia. Three transfusions (500 cc.) citrated blood were given. 

Case patient was woman, aged years. She complained 
weakness. She was well until year before, when she had influenza. ‘There were 
glossitis, posterolateral sclerosis, soft systolic murmur the apex the heart 
transmitted the axilla, and retinitis pernicious anemia. The spleen was 
palpable inch. The red cell count was 960,000, hemoglobin per cent, color 
index 1.2+, leucocytes 2,400, polynuclear neutrophils 13.5 per cent, small lympho- 
cytes per cent, large lymphocytes per cent, neutrophilic myelocytes 0.5 per 
cent, normoblasts per cent, megaloblasts per cent; marked anisocytosis and 
poikilocytosis. While under observation profuse menstruation took place, 


beginning December 20, 1919. series four transfusions citrated blood 
(500 cc.) was given. 


the curves Text-fig. will seen that case there 
any elimination Group transfused blood that cannot du- 
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plicated the control cases with blood disease (Ashby), and the 
majority not show any drop great that which occurred 
normal individuals. Case the fall the 22nd day would 
seem blood volume improvement, the patient’s blood vol- 
ume, calculated from the transfusion data immediately after trans- 
fusion, was low, being 6.4 per cent the body weight, whereas the 
blood volume secondary anemia found this method 
per cent the body weight. The same may said the apparent 
fall Case 60. Case the count unagglutinated corpuscles 
with blood volume 8.5 per cent would have been 342,000, the 
count this patient the 6th day after transfusion was still more 
than the number that would have been present normal blood 
volume adjustment had been attained. there was count taken 
between the 6th and 32nd days, the patient having gone the 
meantime, have data when the drop which occurred 
the curve between those dates took place. have reason, 
however, assume that was any sooner than would have been 
normal. 

Group blood transfusions seven cases pernicious anemia 
were studied over periods varying from days. These pro- 
tocols have not been included save space. case studied for 
days two Group transfusions were given during that time. 
the end the period there were 934,000 Group corpuscles 
per c.mm. the circulation. The initial Group transfusion 
had given 488,000 Group corpuscles per The count 
934,000 would seem account for two transfusions. case 
studied for days the count unagglutinable corpuscles fluc- 
tuated between 738,000 and 596,000 for the first days after trans- 
fusion. After days, the count was 627,000. case studied for 
days showed initial count 509,000 Group corpuscles and 
final count 507,000. cases studied for days showed one 
instance elimination, the initial Group corpuscle count was 
436,000 and the final, 428,000. the other instance there may 
have been some elimination between the 17th and 18th days, the 
count changed from 440,000 389,000, although judging from pre- 
vious fluctuations and the fact that the condition the patient 
markedly improved although the total red blood count also dropped 
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somewhat would seem possible that this drop was due blood 
volume increase. case studied for days gave unagglutinated 
count 548,000 the 2nd day after transfusion and 542,000 the 
day. none these cases does there appear have been 
any elimination Group transfused blood during the periods 
studied, except perhaps the case that was studied for days, 
and here the decrease count, was due elimination and not 
blood volume change, can duplicated normal curve. Eight 
other cases studied for shorter lengths time showed elimination 
the Group transfused blood. 

contrast the stability transfused blood pernicious anemia 
cases the elimination which was found take place certain 
patients with other conditions. the cases which came under ob- 
servation during the course this study five appear have shown 
progressive and rapid elimination Group transfused blood. 
This feature was most markedly shown Case 118, one hemolytic 
jaundice, which there was continuous fall the curve trans- 
fused blood until splenectomy, when the fall ceased sharply. Two 
cases aplastic anemia (Cases and 102, Text-fig. one mye- 
logenous leucemia (Case 39), and one carcinoma the kidney 
with metastasis show rapid elimination the transfused blood. 
The protocols and chart follow. 


Case patient was man, aged years, weighing 166 pounds. 
had myelogenous leucemia with white blood count 215,000. transfusion 
was given, followed after days radium treatment. Profuse sweating 
occurred the 15th day after transfusion, with edema the eyes and forehead; 
the 18th day the edema was extreme. The patient died the 19th day. 

Case man, aged years, weighing 154 pounds. Diagnosis aplastic 
anemia was made. The patient died August 29, 1919, bilateral broncho- 
pneumonia the 4th day after transfusion. There were miliary tubercles the 
spleen. 

Case 83.—The patient was man, aged years, weighing 105 pounds. There 
was carcinoma the left kidney, with metastasis. left nephrectomy was fol- 
lowed transfusion with 500 cc. Group citrated blood. 

Case patient was man, aged years, weighing 124 pounds. 
October, 1918, had influenza, which was followed weakness and bleeding. 
There was severe epistaxis October, 1919. Upon examination November, 
the red blood count was 1,160,000, and the hemoglobin per cent, with color 
index 0.5+. The leucocytes were 10,800, with polynuclear neutrophils 
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per cent, small lymphocytes 37.5 per cent, large lymphocytes 35.5 per cent, 
eosinophils 0.5 per cent, basophils 0.5 per cent, and neutrophilic myelocytes 
per cent. There was moderate anisocytosis, and the platelet count was 134,000. 
December The platelet count was 96,000. diagnosis aplastic anemia 
was made. Four transfusions were given. December 12. eruption ap- 
peared upon the arms and face, which proved besmallpox. January 1920, 
The patient died. 


Control cases which there appears have been some pro- 
gressive elimination Group transfused blood. Unagglutinated 
tinable corpuscles that would expected individual the size patient 
with blood volume 8.8 per cent the body weight. indicates Group 
transfusion; like group transfusion. 


Case 116.—The patient was boy, aged years, weighing pounds. 
was jaundiced and weak. had enlarged spleen, which had been first 
noticed months previously. The red blood count was 1,750,000, and hemo- 
globin per cent, giving color index 0.8+. The white cell count was 


19,500, with per cent polynuclears and per cent lymphocytes. The plate- 


lets were 148,000, and the bleeding time minute. There was increased fragility. 
The blood picture did not improve after two transfusions. There was evi- 
dence familial jaundice. diagnosis hemolytic jaundice was made. 
Splenectomy was performed and the patient regained normal health. 
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When the curves the total red blood counts the pernicious 
anemia patients are examined, will seen that, although 
most cases would difficult say that there has been blood 
destruction during the preceding transfusion studies, there are some 
instances which blood destruction definite. estimating these 
curves must borne mind that changes the blood volume 
very materially influence the total count. Changes the number 
transfused blood corpuscles per cubic millimeter give some indica- 
tion changes blood volume. When the transfused blood count 
rises probable that the blood volume decreases, and when the 
transfused blood count falls with subsequent return, showing 
that the fall was not due elimination, probable that the 
blood volume increases. This has been assumed the following 
calculations. 

Case the 10th day after the initial Group transfusion 
the total count was 1,100,000, the Group transfused blood was 
520,000 minus the. initial unagglutination 70,000, 450,000. 
Since the subsequent Group transfusion days previously was 
100 cc. larger than the Group transfusion, should account for. 
least the same number corpuscles. The total count before 
this transfusion had been 1,170,000 with apparently larger blood 
volume, the count the unagglutinable corpuscles was less. 
There have been added least 450,000 corpuscles per c.mm., the 
blood volume has decreased, which should have still further increased 
the total red cell count, but the total count still what was before 
transfusion. have here evidence destruction. Case 
the 15th day after the Group transfusion the total count was 
2,250,000. The Group corpuscles were 700,000, the two like 
group transfusions which had been given the 9th and 14th 
days should have added 1,400,000, twice that amount. The 
total count days before these transfusions was 1,570,000, when 
the blood volume, judging from the unagglutinable corpuscle count, 
was somewhat higher; 1,400,000 corpuscles per have been 
added the blood, the blood volume has decreased, which would still 
further increase the count, and the total count has increased only 
680,000. there loss over 700,000 corpuscles per c.mm. 
within days. Case the 20th day after the Group 
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transfusion the total count was 3,000,000 and the 23rd day 
was 2,300,000, with decrease blood volume, giving loss 
more than 700,000 corpuscles per Case between the 
10th and 16th days after the Group transfusion, during which 
time like group transfusion was given, there was decrease 
150,000, with decrease blood volume, following purgatives, 
nearly one-third. Here the loss was over 800,000 cells perc.mm. 
Case 29, the time the like transfusion given February 10, the 
total count was lower afterwards than before, although the unagglu- 
tinated counts showed the volume about the same. case 
studied for days there was fall 600,000 the blood count 
within days with volume increase account for it. 

course, must admitted that these estimates are omit- 
ting the consideration one factor; not know what hap- 
pening the blood production side. The destruction may greater 
than appears be. The periods destruction, however, are lim- 
ited certain parts the curve. The blood destruction 
means the same order that seen the case hemolytic jaun- 
dice studied. quite possible that greater magnitude 
than that which probably connected with the cyclic elimination 
transfused blood (Ashby) which has been seen take place 
individuals. 

There are, however, two cases which blood destruction seems 
have been excessive. These cases are especial interest because the 
blood destruction the corpuscles the like group was great 
that practically nothing was left but Group transfused blood; 
Group transfused corpuscles were eliminated with the patient’s 
corpuscles. 

Case (already given) August the count unagglu- 
tinable corpuscles after two Group transfusions, which had been 
made subsequent Group transfusion, was 940,000 per c.mm. 
The initial unagglutinated count was 10,000 per c.mm., making 
the Group corpuscles 930,000. The total count was 1,230,000, 
making difference 300,000 account for the patient’s own 
blood and Group transfusion given days previously, which 
would the time probably have given count 450,000 per c.mm. 
the following day the count unagglutinable corpuscles was 
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still 940,000, while the total blood count was 930,000, or, within experi- 
mental error, the same. Unfortunately, however, this count was 
not checked duplicate tube one the tubes leaked transit 
and transfusion was given before could get another count. 

Case (Text-fig. 4), woman, aged years, who had had 
excellent remission following splenectomy, received Group trans- 
fusion June 27. The patient’s blood volume the time was 
low, the 500 cc. transfusion gave count 930,000 unagglu- 
tinated corpuscles per c.mm. the 5th and 9th days after the 
Group transfusion she received 500 cc. transfusions Group 
citrated blood. The day after the second like group transfusion 
the count unagglutinated corpuscles was 1,120,000 per c.mm. 
Since the initial count unagglutinable corpuscles was 230,000 
(this unusually high) take 890,000 the count Group 
corpuscles. The two Group transfusions with the same blood 
volume should have given 1,780,000 corpuscles per The 
total count minus the Group count was 1,610,000. the 17th 
day after the Group transfusion the Group transfused corpus- 
were 950,000 per c.mm.; the Group transfused corpuscles 
should have been least 1,900,000 per c.mm., twice the number 
Group corpuscles. The total number Group corpuscles, 
including both the patient’s own corpuscles and the transfused, 
was 850,000. the day the total blood count and the count 
the unagglutinable corpuscles were equal within experimental error. 
There were practically clumps the field, and large number 
nucleated red cells the film. The potency the serum was 
checked. count repeated the afternoon gave 990,000 for the 
unagglutinable corpuscles, 760,000 for the Group corpuscles, and 
1,100,000 for the total count. This would have left 340,000 Group 
corpuscles per Since the count the transfused Group 
corpuscles alone should have equaled 1,500,000 per c.mm., 
have here undoubtedly elimination the Group transfused 
corpuscles well the elimination the patient’s corpuscles. 


Case 68.—The patient was woman, aged years, weighing pounds. 
She was very weak. Elsewhere diagnosis pernicious anemia had been made, 
and splenectomy performed April 28, 1917, after which there had been very great 
improvement the patient’s condition. June 24, 1919, the red blood cell 
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count was 1,060,000, hemoglobin per cent, color index 1.3, leucocyte count 
7,400, lymphocytes 74.5 per cent. counting 200 white cells, normoblasts 
and megaloblasts were seen. There were marked anisocytosis and poikilocytosis. 
Menstruation was expected the 21st day after the transfusion but did not 
occur. The patient died month later. 


have two cases (Nos. and 49) which appear excep- 
tions the rule that the pernicious anemia patients 
far studied there increased rate elimination Group 
transfused blood. Case when the total red blood count 
was 1,400,000 Group transfusion was given. The 


Days 
Curves patient who showed elimination the Group 
transfused corpuscles well elimination her own corpuscles. 
Unagglutinated corpuscles. Total red blood count. indicates 
Group transfusion; like group transfusion. 


next day the count unagglutinable corpuscles was 600,000. 
days later when second count was made the unagglutinable cor- 
puscles had dropped 99,000, which meant practically complete 
elimination the transfused blood. The patient’s total count was 
then 1,100,000. Group transfusion was given and days later 
the total red blood count was 700,000. The patient died within 
month. Case with the patient’s initial blood count 1,100,000 
500 cc. Group transfusion was given, which gave 620,000 un- 
agglutinated corpuscles per c.mm. and raised the total count 
1,500,000. The next day the unagglutinated count was 170,000 
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while the total count was 1,200,000. the following day the 
unagglutinated count fell 50,000, which was practically complete 
elimination, with return the total count 1,100,000, the level 
before transfusion. There was hematuria transfusion reaction. 
The transfusion blood apparently was eliminated within days, 
while the patient’s own blood was unaffected. The only objection 
accepting these data that the time the work was done did 
not realize the possibility serum becoming non-specifically ag- 
glutinating and did not check the Group serum used with this 
point view. When third case this same elimination appeared 
back over the work find that each case one the days which 
these counts were made, counts were made other patients which 
gave the expected number corpuscles, but not sure that the 
same serum was used. Since have checked this factor true 
that have not had case which rapid elimination Group 
corpuscles occurred, but also true that with one exception 
have not had opportunity study patients who were near the 
terminal stage. 


Case 49.—The patient was man, aged years. had had previous re- 
lapses. There was free hydrochloric acid the stomach. The red blood 
count was 1,930,000, hemoglobin per cent, giving color index The 
white blood count was 2,400. The diagnosis was pernicious anemia. 

Case 64.—The patient was woman, aged years. She was very anemic 
and thin. For months she had been growing gradually weaker, and was 
exhausted condition the time examination. There was evidence 
combined sclerosis. The hemoglobin was per cent, the red blood count 
1,040,000, color index 1.0+, and leucocyte count 1,900. The diagnosis was 
pernicious anemia. 


DISCUSSION. 


This study pernicious anemia patients during series trans- 
fusions seems indicate that although some cases certain 
times there much blood elimination, the whole, blood destruction 
quiescent. course, must recognized that this estimate 
the factor production unknown quantity. Group trans- 
fused corpuscles are, rule, not eliminated quickly they are 
transfused persons without blood disease, that far Group 
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corpuscles are concerned there abnormal blood elimination. 
The fact that Group corpuscles are not eliminated rules out the 
activity any corpuscle poison during these periods. For order 
assume the activity such poison will have make one 
that not able attack Group corpuscles, which case the 
incidence pernicious anemia should least lower among Group 
individuals than among others. the 189 pernicious anemia 
patients that have presented themselves this Clinic during this 
study per cent were Group IV, which happens somewhat 
higher incidence than the occurrence Group individuals found 
general among our patients anddonors. must that the time 
when the patients were under observation there was hemotoxin 
active. has been argued that transfusion introduces something 
which neutralizes the hemotoxin. does not seem probable that 
there would complete neutralization the toxin and that the 
patient’s symptoms would still persist. Although some instances 
remission was brought about the transfusion, most cases 
the patients returned for further transfusions after months. 
months, will the average length time that what 
were presumably the youngest Group transfused corpuscles lasted 
four pernicious anemia patients who were under observation 
the end elimination, and probably also the length life 
the like group transfusions. few instances Group trans- 
fused blood stayed while the patient’s total blood count dropped 
greatly, would not seem that the protection the Group 
corpuscles was due antibody this hypothetical hemotoxin 
introduced the transfused blood. 

the two cases, Nos. and 68, which there was the most 
marked elimination, the Group transfusion was maintained and 
both the patients’ corpuscles and the transfused like group corpus- 
cles were eliminated. Since normal like corpuscles were eliminated, 
the elimination these cases cannot assumed due any 
intrinsic weakness the corpuscle. Since this elimination there 
was differentiation between like group corpuscles and Group 
corpuscles would seem that the factor bringing about must have 
been the result activity the body itself. accept 
the two cases which the transfused blood disappeared rapidly, 
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have additional data that would seem bear out this conclusion. 
the case which there were time data, the normal transfused 
blood disappeared days, while the count the patient’s blood 
was maintained. Here again there would seem differentia- 
tion between groups which would seem attributable only 
physiologic blood-destroying function. 

This speeding the blood-destroying activity the body, 
which seems the basis the abnormal periods blood de- 
struction which are seen transfused pernicious anemia patients, 
might due, conceivable, the indirect effect present 
toxin, might due some past injury which makes difficult 
for the organism maintain sufficient supply some substance 
necessary colloidal equilibrium the corpuscles. The recent 
work Clark and Evans showing reduction the hemolytic 
inhibitory powers serum pernicious anemia patients point 
markedly below what found normal serum, and own find- 
ing that least far transfused blood concerned physiologic 
elimination brought about spasmodic effort the part the 
organism, are suggestive with regard the mechanism which 
these sudden excessive eliminations seen pernicious anemia are 
brought about. 


SUMMARY AND CONCLUSIONS. 


Evidence presented show that there hemolytic toxin 
producing the anemia pernicious anemia. 

Partial evidence presented show that the periods active 
blood destruction which are seen the exception pernicious anemia 
cases during series transfusions are due the activity the 
blood-destroying organs the body rather than the intrinsic 
weakness the pernicious anemia blood corpuscle. 

questionable whether blood destruction important 
factor producing the anemia pernicious anemia present 
usually assumed be. 
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Infection the eyes following inoculation the genitalia was one 
the first forms generalized syphilis recognized the rabbit 
and has been reported more often than any other metastatic con- 
dition. Our knowledge these affections dates back 1908-10 
when the first cases metastatic keratitis were reported Grouven 
(1-3), Mezincescu (4), Uhlenhuth and Mulzer (5), and Truffi (6). 
Since that time, several forms affections have been described. 
Those most frequently mentioned are conjunctivitis, pericorneal 
injection, and interstitial keratitis; these, keratitis perhaps the 
only one which possesses clearly defined status. 

addition this class affections, lesions the eye grounds 
including choroiditis and chorioretinitis were described Nichols 
(7) and Reasoner (8) working collaboration with Green. With 
certain strains Treponema pallidum, these conditions were noted 
from per cent the animals examined (mode inocula- 
tion not stated) which may indicate that lesions the eye grounds 
are more common than those other structures—at least with some 
strains the organism. 

Reasoner also reported instance cataract both eyes and 
gumma involving the ciliary body, the iris, and the lens. 

Our own observations affections the eyes were confined 
study those conditions that could detected the unaided eye 
and included, therefore, affections only the more superficial struc- 
tures such the conjunctiva, the cornea, and the iris. This group 
lesions has received more attention than any other class syphili- 
tic affections but there still much which may added the facts 
167 
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already recorded. presenting the results our observations, 
shall not attempt more than describe changes which might 
recognized any one familiar with the simpler forms eye lesions. 

The difficulties their sharp delimitation will doubtless appre- 
ciated, and while the various groups affections are separated from 
one another, matter convenience presentation, must 
understood that combination was one the most characteristic 
features eye involvement. 


Pericorneal Injection. 


Pericorneal ciliary injection well recognized condition 
rabbits infected with Treponema pallidum but the literature 
practically always referred connection with keratitis and appar- 
ently significance has been attached apart from this one 
condition. is, however, the most frequent sign infection the 
eyes and was often noted animals where other gross abnormality 
could detected well association with affections the 
conjunctiva, the cornea, and the iris. 

occurred two fairly distinct forms. The one most often seen 
consisted ribbon-shaped band distended vessels which extended 
from the fornix the sclerocorneal margin (Fig. where they spread 
out and partially encircled the cornea. The usual position these 
vessels was the region the superior rectus muscle but they were 
also seen the lower lateral sectors the eye. 

second type pericorneal injection, which perhaps more 
analogous that seen the human eye, consisted series promi- 
nent vessels which encircled the cornea, giving off few small collat- 
erals which radiated outward shown Figs. and 

One these forms appeared characteristic the other, 
and the most pronounced cases, the two were combined about 
equal proportion with zonal radiations extending outward from all 
parts the cornea. This was the state the eye Fig. which 
was marked case pericorneal injection associated with moderate 
degree acute conjunctivitis (shown the upper lid), but may 
seen, there was involvement either the cornea the iris. 
This condition lasted for only about hours when the congestion 
subsided and the eye returned normal. 
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Ciliary injection was the first sign eye infection appear and 
the history simple injection was usually that recurrent 
affection short duration. During its early stages and mild 
cases, suggested more than vasomotor instability some 
particular group vessels which would suddenly become engorged and 
return normal within very short time, leaving some uncertainty 
whether any abnormality existed. Then well established 
injection would take place and subside after few days the condi- 
tion would gradually develop into outspoken iritis keratitis. 

yet,.no attempt has been made demonstrate spirochetes 
case simple ciliary injection. Histologically, however, there 
were definite pathological changes. These consisted vascular 
dilatation and engorgement the vessels the episcleral tissue 
and the sclerocorneal junction; there were slight edema 
these tissues and moderate polyblastic infiltration which was chiefly 
perivascular. The identification this affection manifestation 
syphilis rests, therefore, upon clinical and histological evidence. 
marked ciliary injection presents difficulties diagnosis, 
but unless the milder cases are followed some more characteristic 
lesion, they cannot recognized clinically more than probable 
manifestations syphilitic infection. The significant features are 
its transient character, the tendency recurrent attacks, the fre- 
quency with which eventually terminates iritis keratitis, 
and its constant association with these two conditions. 


Conjunctivitis. 


the conjunctiva was noted connection with 
affections both the nasolacrimal system and the eye itself. 
the latter instance, usually preceded was accompaniment 
other affections the eye, and was difficult determine clinically 
whether the inflammation the conjunctiva was the result 
conjunctival infection only associated manifestation 
infection centered elsewhere. There were instances, however, 
which the conjunctiva appeared the chief sole focus infec- 
tion, and, any case, involvement the eyes frequently gave rise 
marked inflammatory reactions which might affect the entire con- 
junctiva only certain limited areas. 
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acute diffuse inflammatory reaction was frequently seen 
association with simple ciliary injection during the early stages 
keratitis iritis. This form affection began with reddening 
and swelling the margins the lids and conjunctiva, increased 
lacrimation, and drooping the upper lids (Figs. 11, 12, 17, and 19). 
progressed rapidly and some instances resulted intense 
congestion and swelling the entire membrane with petechial hemor- 
rhages and gray yellowish gray patches scattered here and there. 

many instances, the inflammatory reaction was confined 
smaller area, the usual seat such processes being the region the 
superior rectus muscle some part the palpebral conjunctiva. 

The acute manifestations were, rule, short duration and 
disappeared completely within few days. 

spirochetes were found the lacrimal secretion animals 
with this type inflammatory reaction, and effort was made 
demonstrate them the conjunctiva itself, but sections the con- 
junctiva showed characterisitc syphilitic infiltration. 

Another form conjunctival lesion which was frequently seen 
rabbits infected with Treponema pallidum resembles somewhat the 
conjunctivitis man. These lesions were three 
types, not all which could related the syphilitic infection. 
one group cases, they appeared distinct nodules thickened 
patches situated the sclerocorneal margin Figs. and 
distributed along the course the vessels the superior quadrant 
the eye (Fig. 6). The nodules were pale, opalescent, yel- 
lowish white color and were associated with well marked ciliary 
injection Fig. with vascular reaction which was confined 
the affected part the eye Fig. 

Usually, the nodules patches remained comparatively small but 
one instance lesion this type developed into mass which 
practically filled the superior fornix and presented all the charac- 
teristics syphilitic granuloma, may seen reference 
Fig. 

Dark-field examination the lesions for spirochetes gave incon- 
stant results. Some them showed spirochetes abundance, while 
others, organisms were found. The diagnosis this group 
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conditions was not difficult, however, since they were nearly always 
followed associated with characteristic lesions the cornea 
iris. 

second group phlyctenular lesions differed from those 
described chiefly that they were composed small, ill defined, gelati- 
nous masses pale pink salmon color. Some them presented 
much the same appearance that Fig. while others showed 
injection the conjunctiva episcleral tissues. example 
lesion this type given Fig. 

These affections were times comparatively common both 
infected and uninfected animals. spirochetes have been found 
them, but some cases, the condition has progressed definite 
keratitis. the absence such history, know clinical 
means which the etiology lesions this type can determined. 

There also third condition, analogous those just described, 
which may referred briefly. The appearance presented 
shown Fig. There were series small discrete nodules 
slightly translucent opaque white color distributed along the 
sclerocorneal margin; there was increased vascularity the 
area, and the few cases seen, the nodules remained essentially 
they appear this photograph. spirochetes have been demon- 
strated lesions this type, and there evidence, either clini- 
cal pathological, indicate that they are syphilitic origin, unless 
the fact that they are composed masses lymphoid cells which 
occupy the same position analogous lesions established syphilitic 
origin. 

Keratitis. 


Keratitis the most easily recognized lesion the eye and (with 
the possible exception metastatic lesions the testicle) has been 
reported more often than any other manifestation generalized 
infection. might appear from this that keratitis the most 
common the generalized lesions but such not necessarily the 
case; may either very common very rare, depending upon 
number circumstances. the infection ordinarily propagated, 
however, keratitis very frequent occurrence with most strains 
Treponema pallidum. 
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The form keratitis usually observed the rabbit always 
preceded ciliary injection and frequently diffuse inflamma- 
tory reaction the conjunctiva. The lesion described all writers 
origin, and while may develop from any part the cornea, from 
its entire circumference, the most common location the superior 
margin. 

The corneal lesions appear either the form delicate fringe 
vessels which extend over the edge the cornea narrow zone 
turbidity. the vascular network spreads, the cornea becomes 
clouded, the zone infiltration extends centrally, followed 
the development network vessels that either case the 
lesion produced combines the two elements corneal infiltration and 
pannus varying degree. There are, therefore, three types 
lesions: one, which infiltration with consequent clouding and 
thickening the cornea especially marked, another which the 
the vascular reaction and pannus are the most noticeable features, 
and third which combines the two processes about pro- 
portion. 

Three early cases the vascular and the infiltrative types kerati- 
tis are illustrated Figs. eye Fig. shows well 
marked ciliary injection with delicate network vessels extending 
over covered this pannus was faintly clouded, 
but outside this zone was perfectly clear. Fig. shows con- 
dition essentially the same character except that this case the 
lesion arose from the inferior margin the corner. 

contrast these, the eye Fig. shows crescent-shaped 
area slight opacity with small opaque dot its center (descemeti- 
tis) which extends from the limbus over the margin the pupil. 
this time, the vessels were just beginning appear the corneal 
margin; hours later (Fig. 12), the infiltration had increased very 
markedly, forming opaque, elevated area with narrow but dense 
pannus its outer margin. The relative proportion between the 
vascular and infiltrative reactions shown these three cases was 
maintained throughout their development. 

Attention may called the ciliary injection and inflammatory 
reaction the conjunctiva associated with these, which well shown 
Figs. and 12. 
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When fully developed, the picture presented cases keratitis 
was very variable. The classical conditions are those presented 
Figs. and which show pronounced keratitis involving large 
part the cornea. The first these (Fig. 13) shows three things: 
first, diffuse clouding the cornea extending well below the pupil- 
lary margin; second, dust-like particles dense opacity which are 
best seen over the pupil;and third,a very marked and uniform pannus, 
which extends like curtain over the upper portion the cornea. 

The second lesion quite different from this, the preceding 
case, there milky clouding the cornea with granular deposits 
the posterior limiting membrane but the noticeable feature 
difference the absence well defined pannus even marked 
pericorneal injection. There were, however, few vascular filaments 
the cornea and faint pannus can seen towards the anterior 
internal angle the eye. seen these two animals, descemeti- 
tis was usually present cases marked corneal involvement but 
was frequently absent milder ones 

Two older lesions the cornea which serve complete the 
picture this condition are reproduced Figs. and 16. The 
first these affections (Fig. 15) was weeks duration and given 
especially illustrate the deep vascularization the corneal lesion 
which frequently occurs during its later stages. The marked intersti- 
tial infiltration and descemetitis are quite obvious, and attention 
may called also the granulomatous lesion the fornix. 

The second lesion this group (Fig. 16) had unusual history 
repeated relapses extending over period months and used 
illustrate the formation the salmon patch which less constant 
cases keratitis the rabbit than man. The irregular area 
dense opacity which extends from the upper margin the cornea 
across the pupillary area developed months after the first attack 
keratitis. was first reddish gray color, subsequently 
changing pale orange, then yellow and gray. These appear- 
ances changed from time time with the recurrent activity the 
eye infection. Eventually the opacity diminished considerable 
extent, but diffuse haziness the cornea with central opacity was 
still present when the animal was killed months after the lesions 
first appeared. 
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Punctate areas clouding opacity, unaccompanied vascular 
reaction any kind, have been observed the central portion the 
cornea few instances. have not been able investigate 
these lesions, however, and nothing known their cause 
nature. 

Briefly, therefore, the only known form syphilic keratitis 
the rabbit interstitial keratitis with pannus which usually arises 
from the superior margin the cornea but may develop other 
positions circumcorneal affection. Ordinarily only portion 
the cornea involved and the alterations produced are relatively 
slight, but more pronounced cases, the entire cornea may affected, 
with the production deep seated lesions which may persist for 
months even years. 

The process resolution corneal affections was irregular one. 
Usually the infiltration was first disappear, leaving vascular 
network the only mark the previous lesion. This well brought 
out comparison the eyes Figs. and Fig. representing 
period days later than Fig. 15. The aberrant vessels were 
times very slow disappear and have been known persist almost 
unchanged for several months. exceptional instances, the vessels 
disappeared before the infiltration, resolution occurred both 
directions about the same rate. resolution was complete, 
leaving mark the previous lesion. 


Apparently iritis has not been recognized manifestation 
generalized syphilis the rabbit distinct from that the cornea, 
except the one instance recorded Reasoner gumma which 
involved the ciliary body, the iris, and the lens. Among the animals 
studied us, however, was very common affection. Case 
records show higher incidence keratitis, but when the nature 
the lesions and the relative ease difficulty their detection are 
considered, appears quite likely that iritis was the more common 
the two. The majority the cases were recorded albino rabbits, 
and while were inclined attribute this difficulties diagnosis 
interposed pigmented iris, must recognized that the nature 
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the iris may important factor determining the occurrence 
these lesions. 

The conditions which have classed iritis varied from acute 
hyperemia relatively short duration plastic and granulomatous 
processes which produced permanent lesions the iris. While these 
affections are spoken iritis, must understood that many 
cases the ciliary body well the iris was involved, but the exact 
location the lesion could not determined clinically that the 
term iritis used cover group reactions which was characterized 
chiefly readily recognizable changes the iris. Microscopic 
examination number eyes showed, however, that the lesion 
was times practically confined the base the ciliary body, 
while other cases the ciliary body, the iris, and the choroid were 
all involved. 

The most common form iritis was acute diffuse affection which 
lasted for only few days. The usual signs these cases were pho- 
tophobia and profuse lacrimation with conjunctival and ciliary injec- 
tion which appeared before any definite alteration could detected 
the iris and lasted until the acute reaction began abate. The 
appearance presented such cases may seen comparing Figs. 
and which show the affected and the normal eyes animal 
the very beginning attack iritis and Figs. and which 
show respectively slightly later stage iritis and photograph 
the same eye taken week later. (Both eyes this animal were 
involved the same time.) 

The changes the iris itself began with acute hyperemia. 
albino rabbits, the marginal and axial vessels stood out prominently, 
while the substance the iris appeared but little altered (Figs. 
and 21). the condition progressed, the vessels became less con- 
spicuous while the color the iris deepened dull red, cyanotic, 
rose color (Figs. 17, 19, and 22); occasionally small hemorrhages 
occurred (Fig. 22) and the structural details the iris became blurred 
and indistinct (cf. Fig. with Figs. and 22). 

This condition lasted for very short time, rule (24 
hours), the vascular dilatation then subsided, and the diffuse dis- 
coloration gradually disappeared, leaving the iris slightly more clouded 
than normal (cf. Figs. and 20). 
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Meantime, certain alterations the were noted. 
Under the conditions lighting used, the normal pupil measured 
from mm. diameter; with the development acute iritis, 
the pupil gradually contracted until measured only mm. 
diameter (cf. figures) and reacted very sluggishly light (flash). 
The pupil and the pupillary reflexes usually returned normal 
the iritis subsided. 

darkly pigmented irides not all these changes could detec- 
ted. The conditions usually noted were change the color the 
iris, clouding opacity, and narrowing the pupil. These may 
made out comparing the infected and the normal eyes the 
same animal Figs. and respectively. this instance, 
can seen that the iris the infected eye distinctly mottled and 
lighter color, well hazy, and that the pupil narrower than 
that the normal eye; this was the condition usually found this 
class animals.! 

the group cases described, the contents the anterior chamber 
were little all affected and there was descemetitis. few 
instances severe iritis, there were hemorrhages into the anterior 
chamber (see Fig. 16), the aqueous was slightly clouded (Fig. 22) 
and there were granular deposits the posterior limiting membrane; 
these are just visible Fig. 23. 

There were also few cases plastic iritis. These differed from 
the condition which has been described the presence slight 
exudate, which appeared form the posterior surface the iris 
and protruded beyond the pupillary margin grayish white 
yellowish white film. some instances, the pupil was contracted, 
irregular, and fixed, while others retained its normal shape and 
its accommodation light was less impaired. 


comparing the pupils and pupillary reactions rabbits, should 
noted that the ordinary diffuse light the laboratory, there decided dif- 
ference the size and the accommodation light between albino rabbit 
and one with dark colored iris. The pupil the albino relatively smaller 
and reacts quickly light (flash), contracting very small diameter. The 
pupil animal with dark colored iris reacts more slowly, and the extent 
the contraction much less—sometimes barely perceptible. 
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The inflammation this group cases also cleared within 
short period time and the exudate was absorbed without the forma- 
tion fibrous synechias. 

The diffuse congestive affections the iris appeared refer- 
able lesion the base the ciliary body rather than the iris 
itself. was only the more pronounced cases and instances 
which hemorrhage exudative phenomena were present that 
definite lesions the iris could detected, and even these the 
ciliary body appeared more affected than the iris, but this could 
not determined clinically. 

Diffuse affections the iris merged insensible degrees with 
another type affection which the main lesions were focal 
nature. Fewer these have been seen and comparatively little 
known them. The most common condition observed focal 
area congestion hemorrhage, example which given 
Fig. 25. These lesions were single multiple but produced altera- 
tion the iris except the points involved, and symptoms acute 
iritis were usually absent. 

second condition, which was more characteristic, that shown 
Fig. 26. These cases presented all the manifestations 
acute diffuse iritis, but addition, small granulomatous nodules 
developed the substance the iris, usually near the pupillary 
border. There was partial complete fixation the iris with some 
irregularity the pupil. 

The pendant nodule seen Fig. developed the superior margin 
the pupil but some way became torn loose except one point, 
leaving wedge-shaped defect the iris which plainly visible. 
second nodule seen above and the right the point attach- 
ment the first. 

rule, the granulomatous lesions were comparatively small and 
tended resolve without the production any marked injury the 
iris. one instance, however, lesion this type developed into 
large granulomatous mass which involved considerable portion 
the iris and filled nearly half the anterior chamber the eye. 
This lesion shown Fig. 27. 

The formation posterior synechias resulting permanent altera- 
tions the pupil was very rare. one animal our series, this 
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condition developed very early and there was marked irregularity 
and almost complete occlusion both pupils which lasted the 
time the death the animal—a period nearly years. The 
right eye this animal shown Fig. 28. The dark area the 
center the eye represents the outline the original pupil but 
the time this photograph was taken, most this area had been filled 
with granulation tissue and the only aperture present was very 
small size and can just seen the lower and anterior edge the 
corneal opacity. 


Clinical History. 


Correlation Eye clinical history the eye affec- 
tions described pericorneal injections, conjunctivitis, keratitis, and 
iritis containsmany points interest. They are intimately related 
one another that they can hardly considered entirely distinct 
forms infection. One condition may occur without the others but 
the circumstances were such favor combination the various 
affections. Thus, pericorneal injection and conjunctivitis may 
occur the absence any definite lesion the cornea iris, but 
the latter conditions were always preceded accompanied peri- 
corneal injection and conjunctivitis. like manner, iritis and kera- 


‘titis may occur independently, they may occur together, one 


condition may follow the other. This peculiar association rests upon 
simple anatomical basis. was found that these 
affections could all traced common lesion which wascentered 
about the vessels which encircle the cornea. lesion first makes 
its appearance the wedge-shaped mass loose connective tissue 
the outer side the sclerocorneal junction (episcleral tissues). 
The vessels this area become dilated, the tissue edematous and 
infiltrated with polyblasts. the lesion confined this area, 
manifests itself the form ciliary injection. The infection 
tends spread, however, extending the conjunctiva, the sub- 
stance the cornea, inward towards the canal Schlemm and the 
spaces Fontana. This led the development lesions the 
cornea, the ciliary body, the iris, and occasionally the choroid, 
giving rise clinical signs infection, the nature which depended 
upon the parts thus involved. 
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When viewed from this standpoint, the eye affections described 
assume less complex character. 

Predisposing Factors and the Relation Other 
was mentioned connection with keratitis, affections 
the eyes may very frequent very rare with given strain 
Treponema pallidum, depending variety conditions. From 
analysis the circumstances under which eye infections occurred 
our series animals, was found that more than per cent 
the cases, they were the only generalized lesions which occurred 
were the last type lesion appear. other words, eye lesions 
appeared occupy terminal position the sequence tissue 
reactions. 

was also found that experimental conditions could employed 
which would emphasize this relation. These cannot discussed 
further than say that general, circumstances which were unfavor- 
able for the occurrence other generalized lesions, tended increase 
the relative incidence affections the eyes and conversely, 
those conditions which were most favorable for the occurrence other 
lesions tended reduce the relative incidence eye lesions. Thus, 
double inoculation and late castration produced high percentage 
eye affections while unilateral inoculation and early castration 
reduced the incidence these lesions. 

Occurrence and Duration.—Considered collectively, eye lesions 
occurred about the same interval time after inoculation other 
generalized lesions. The first lesions usually appeared from 
months after inoculation. injection and conjunctivitis 
were among the early affections, while keratitis and iritis occurred 
slightly later the whole and the majority the cases appeared 
near the end the months period. several instances, eye lesions 
did not appear for much months after inocculation, and 
one animal, the interval was years and months, and another, 
approximately 

One both eyes might involved, either simultaneously 
rapid succession. Less often, there was considerable interval 
between the appearance the two lesions. The duration the 
affection was very short rule; simple pericorneal injections, diffuse 
conjunctivitis, and iritis frequently lasted for only few days but 
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were longer duration when complicated lesions the cornea. 
Keratitis was the most enduring, but even this rarely lasted longer 
than weeks. The most marked corneal lesions lasted for 
several months, and the one instance described above the lesions 
had not cleared when the animal was killed months after 
inoculation. 

Recurrence.—Exacerbation partially resolved lesions the eyes 
recurrence completely healed lesions was almost the rule among 
those animals which were held over long periods time. Two 
three attacks iritis and especially keratitis were quite common. 
one animal, numerous attacks keratitis and iritis occurred over 
period approximately years. Actual count the attacks was 
lost but the number may safely placed more than dozen. 
Several additional instances were recorded which recurrent lesions 
appeared more than year after inoculation. 

Relapse partially completely healed lesions the eyes occurred 
more often than any other class affections. The tendency 
relapse the case keratitis has been noted numerous observers 
and the one redux phenomenon the experimental infection which 
has received general recognition. 

The tendency eye lesions relapse well the peculiar circum- 
stances their occurrence probably explained the degree 
protection afforded these parts reactions elsewhere and the 
feeble protection afforded the reaction developed these tissues. 


SUMMARY AND CONCLUSIONS. 


From the study number instances eye infection the 
rabbit, was found that variety affections might occur following 
scrotal testicular inoculations Treponema pallidum. Those 
observed included ciliary injection, conjunctivitis, keratitis, and 
iritis which might occur separately combination with one another, 
except that keratitis and iritis were always accompanied reaction 
the ciliary vessels and usually conjunctivitis. 

Several forms each these affections were described, and while 
some them were regarded presenting very characteristic 
pigture, was recognized that the conditions present other cases 
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not sufficiently distinctive permit clinical diagnosis. 


With few exceptions, however, the pathology the lesions was 


‘sufficient identify them processes syphilitic nature. 


was also found that this group lesions usually arose from 
common focus infection which was located the episcleral tissues 
immediately surrounding the cornea. From this point, the infection 
tended spread the conjunctiva and the cornea, toward the 
canal Schlemm and the spaces Fontana and thence the ciliary 
body, the iris, and the choroid. The localization the lesion and 
the mode extension were held responsible for the combination 
manifestations usually observed. 

From analysis the circumstances under which affections 
the eyes occurred, was found that the great majority them 
occupied definite position the scheme tissue reactions, being 
the only generalized lesions developed the last type lesion 
appear. 

These facts, together with the unusual frequency relapse these 
affections, were believed indicate that low degree protection 
was conferred upon these tissues reactions taking place elsewhere 
and that the protection afforded the local reaction was feeble 
character. This deduction part confirmed the fact that 
was found possible increase decrease the incidence 
eye lesions the use experimental means which varied the scheme 
reaction animals inoculated with given strain Treponema 
pallidum. 
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EXPLANATION 


The illustrations are reproductions photographs which represent the objects. 
their natural size. Unless otherwise indicated, statements time are. esti- 
mated from the date inoculation. 


PLATE 


injection, and affections the conjunctiva and episcleral 
tissues. 

Fic. days. typical example ciliary injection with acute conjunc- 
tivitis. 

Fic. days. Circumcorneal injection (ciliary) with acute conjunctivitis. 

Fic. 132 days. Acute diffuse conjunctivitis with pronounced swelling and 
intense redness the conjunctiva. There also moderate pericorneal 
injection. 

Fic. days. Miliary granulomata the pericorneal tissues associated 
with ciliary injection. 

Fic. days. phlyctenular lesion the conjunctiva and episcleral 
tissues. 

Fic. 156 days. syphilitic granuloma involving the conjunctiva and 
episclera. There also old lesion the cornea which undergoing resolution. 

Fic. days. pericorneal nodule type which may may not 
syphilitic. Note the absence vascular reaction. 

Fic. days. Multiple lymphoid nodules the pericorneal tissues which 
apparently are not syphilitic origin. 


PLATE 


Fics. 16. Lesions the cornea. 

Fic. days. Interstitial keratitis. Ciliary injection and early vascu- 
larization the cornea. 

Fic. 10. 100 days. early keratitis the lower margin the cornea 
analogous that Fig. 

Fic. 11. days. early keratitis the infiltrative type. There are 
well marked pericorneal injection and conjunctivitis with slight descemetitis. 

Fic. 12. hours later. There are increase the inflammatory reaction 
and well developed pannus the margin the cornea. 

Fic. 13. days. typical example interstitial keratitis with marked 
pannus. 

Fic. 14. 106 days. example interstitial keratitis showing marked 
infiltration the cornea with comparatively slight vascularization. 

Fic. 15. Interstitial keratitis involving the entire cornea with 
deep vascularization. 

Fic. 16. year, months. Keratitis with well marked salmon patch cover- 
ing large area cornea. The dark spot the eye due hemorrhage the 
iris. 
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PLATE 


Fics. 28. Affections the iris. 

Fic. 17. days. Acute iritis showing drooping the upper lid, slight 
lacrimation, and slight contraction the pupil. 

Fic. 18. days. Normal eye the same ainmal that Fig. given for 
comparison. 

Fic. 19. days. iritis, partial closure the lids, and lacrimation. 
Narrowing the pupil and clouding the iris. 

Fic. 20. week later. Same eye that Fig. shows par- 
tial recovery from the iritis. Eye appears normal except for the loss structure 
Cf. with Fig. 18. 

Fic. 21. 132 days. early acute diffuse There well marked 
pericorneal injection. Vessels the iris are engorged and its substance 
clouded. There also clouding the contents the anterior chamber. The 
right eye this animal shown Fig. 

Fic. 22. 125 days. Acute diffuse iritis, slightly later stage than that shown 
Fig. are longer visible but the iris distinctly clouded and 
there focus hemorrhage immediately above the pupil. 

Fic. 23. days. Acute iritis animal with pigmented iris. Cf. with 
Fig. iris lighter color than normal, somewhat mottled, and the 
structure indistinct. Pupil also contracted. 

Fic. 24. days. Normal eye the same animal that Fig. 23. 

Fic. 25. days. Focal lesion the iris. Remainder the iris appears 
entirely normal. 

Fic. 26. days. Acute diffuse iritis with granuloma, superior margin 
the pupil. The small nodule seen the upper margin the iris has been torn 
loose from its original position, leaving defect the margin the pupil. 

Fic. 27. 185 days. Large granulomatous lesion the iris projecting into the 
anterior chamber the eye. 

Fic. 28. year, months. Occlusion the pupil with irregularity and 
fixation. Permanent lesion. 
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NOTE THE PRESERVATION STOCK STRAINS 
TREPONEMA PALLIDUM AND THE DEMON- 
STRATION INFECTION RABBITS. 


WADE BROWN, M.D., LOUISE PEARCE, M.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


(Received for publication, March 1921.) 


The maintenance stock strains Treponema pallidum for teach- 
ing purposes has been both time-consuming and expen- 
sive, due the necessity for constant watchfulness and frequent 
transfer from animal animal order guard against loss strains, 
but way has been found overcome these difficulties, and 
spite the greatest care, valuable strains are frequently reported 

like manner, the usefulness pallidum infections rabbits 
for experimental purposes has been subject serious limitations 
account the lack reliable means for determining end-results 
regards infection when demonstrable lesions were present. 
This has been especially true chemotherapeutic investigations 
which the method for determining cure, and the only one available, 
was more less prolonged clinical observation. has been assumed 
that healing existing lesions without recurrence within short 
period time months) constituted evidence cure and the 
results all experiments thus far reported have been based upon 
the use criteria this kind. 

The supposed necessity for frequent transfers, the presumed loss 
stock strains Treponema pallidum, and the supposition that 
freedom from lesions constituted evidence cure were all based 
upon the belief that infections the rabbit are self-limiting— 
that with the healing the lesions the infection also became extinct. 
Numerous isolated observations ourselves and others have cast 
considerable doubt upon the validity these earlier views, but until 
quite recently, systematic experiments were carried out for the 
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purpose determining the exact nature the infection the rabbit 
regards dissemination organisms, the duration the infection, 
and the possibilities recovering the virus from animals after all 
manifestations disease had disappeared. 

During the past years, large series experiments has been carried 
out attempt obtain definite information upon these points. 
One the methods employed was that test inoculations normal 
animals with material from superficial lymph nodes infected 
animals. Parts this work have been reported connection with 
studies the dissemination spirochetes (1,2) and the demonstra- 
tion spirochetes the lymph nodes during latent periods 
infection (3). 

The details these experiments need not repeated; will suffice 
state that test inoculations have been made from inguinal pop- 
liteal nodes rabbits with positive results all instances. The 
material studied included four classes anmals: (1) animals with 
developing active infections from hours years duration; 
(2) animals with latent infection which lesions had been present 
for from months years with period infection ranging from 
months years and months; (3) drug-treated animals which 
lesions had recurred during period months observation; (4) 
animals used for serial passage pallidum from lymph 
node testicle over period about months. The majority 
the tests were carried out during the first months the infection. 

Before could concluded that the organisms recovered were 
localized the tissues, was necessary exclude the blood 
possible source. During early stages the infection, this could 
done only upon the basis relative infectivity. Later, however, 
blood inoculations were uniformly negative while the lymph nodes 
gave positive results. 

The experiments cited showed that with old strains Treponema 
pallidum, generalization and localization the organisms lymphoid 
tissues are constant phenomenon the infection; they also indicated 
that the infection permanent and that the treponema can re- 
covered any time inoculation material from superficial lymph 
nodes infected animals. thus appears that while rabbits acquire 
high degree protection against the toxic effects Treponema 
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pallidum, they are more capable terminating the infection than 
man. 

Whether the same conditions hold true for recently isolated strains 
not entirely certain, but since the latter exhibit the same tendencies 
lymphoid involvement the older strains, not unlikely that 
they too are capable surviving the rabbit for indefinite period 
time. 

Once has been shown that there constant and permanent 
localization Treponema pallidum the lymphoid tissues infected 
animals, there are many applications these facts which are quite 
obvious, and the possibility utilizing them connection with the 
preservation stock strains and asa means determining 
ence infection experimental animals appeared sufficient 
importance warrant special note upon this subject. 

The method proposed for the preservation stock strains 
Treponema pallidum, when not active use, merely keep 
sufficient number infected animals guard against loss the strain 
their death. Serial transfers may dispensed with. When 
desired recover the organism for teaching experimental pur- 
poses, popliteal node may excised with aseptic precautions, 
minced, and ground mortar; emulsion then prepared the 
addition about 1.5 cc. sterile normal salt solution with further 
grinding. The resulting fluid aspirated into syringe fitted with 
No. gauge needle and about 0.5 cc. the emulsion injected into 
testicle one more normal rabbits. order allow ample time 
for the development testicular infection, the inoculation should 
made weeks before the organism needed. 

Exactly the same method applicable the demonstration in- 
fection experimental animals. The circumstances should deter- 
mine each case when test inoculations are undertaken. 
chemotherapeutic experiments, for example, would appear 
advisable follow the old system clinical observation for least 
months before resorting test inoculation; otherwise infec- 
tion which had been almost extinguished might not given suffi- 
cient opportunity reestablish itself. 

The essential requirements the method are extremely simple: 
One advised against complicating the technique the use 
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foreign substances aid the grinding material; filtration 
unnecessary; the injection large amounts fluid tends produce 
inflammatory reactions the testicles which may obscure subsequent 
lesions, and the use strong antiseptics, either the removal 
lymph nodes making inoculations, contraindicated. 

Eberson and Engman (4) have used similar method with success 
demonstrating infection the lymph nodes human subjects with 
latent syphilis, thus establishing another analogy between the human 
and animal infection. 

Positive results from testicular inoculation are usually not difficult 
determine. should noted, however, that atrophy the 
testicle may occur instead the usual granulomatous enlargement 
and that exceptional instances, infection may recognized 
the development adenopathy when lesions can detected 
the site inoculation. 

the use the method described, great saving time and ex- 
pense may accomplished, and infection can determined with 
comparative ease and with much greater certainty than was hitherto 
possible. However, until the delicacy the method has been sub- 
jected further test, negative results are still accepted with 
reserve. 


SUMMARY. 


Experiments carried out rabbits infected with Treponema palli- 
dum showed that there was constant invasion and localization 
the organisms the superficial lymph nodes, that the infection per- 
sisted indefinitely, and that organisms could recovered any time 
from such nodes the popliteals. Based upon these observations, 
method proposed for the preservation recovery stock strdins 
Treponema pallidum and for the demonstration infection 
rabbits. 
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EXPERIMENTAL RICKETS RATS.* 


Propucinc WHITE Rats, AND Its PREVENTION 
THE ADDITION INORGANIC SALT. 


(From the Departments Chemistry and Pathology Columbia 
University, New York.) 


(Received for publication, March 25, 1921.) 


remarkable that, the experimental study rickets from the 
dietary point view, the rat has been little used experimen- 
tal animal. With the exception the recent papers McCollum 
and his associates, find record direct attempt induce 
rickets these animals modification the diet. 


This the more surprising view the fact that the occurrence rickets 
rats maintained under laboratory conditions has been known pathologists 
since the publication Morpurgo (1) 1901. The essential identity the 
lesions with those human rickets has been amply demonstrated Mor- 
purgo (2) himself, Schmorl (3), Weichselbaum (4), (5), Iselin (6), 
Pappenheimer (7), and especially the detailed studies Erdheim (8). None 
these workers standardized controlled the diet the animals which they 
studied. Morpurgo was interested the supposed infectious origin the dis- 
ease; Iselin, Hohlbaum, and Erdheim, its relation the parathyroid gland; 
Pappenheimer, the supposed influence thymus extirpation the production 
rickets. 

The recent paper McCollum, Simmonds, Parsons, Shipley, and Park (9), 
which appeared.while our work was progress, deals specifically with the influ- 
ence deficient diets upon the production rickets rats. number 
diets are cited, deficient various respects, upon which presumably the rats 
developed rachitic lesions. However, although the particular deficiencies are 
pointed out, not definitely stated which diets led the development 
rickets. Nor reference made the legends the illustrations rachitic 

*Presented abstract the Meeting the Society for Experimental Biology 
and Medicine, March 16, 1921. 
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lesions, the particular diets which produced them. Since this paper pre- 
liminary one, one may assume that these data will forthcoming subsequent 
publications. The authors not commit themselves the particular dietary 
deficiencies concerned, stating! that: 

Any suggestion regarding the absence specific antirachitic substance deficiency 
either fat-soluble calcium the primary agent the production rickets would 
ill considered and might far from the 


the second paper, Shipley, Park, McCollum, Simmonds, and Parsons (10), 
the curative effect the addition cod liver oil the diet demonstrated. 
The two rations used these curative experiments were No. 2638, Ca, 
Na, and ions, well fat-soluble A;” and Ration 2677, containing 
adequate amount calcium, but the fat-soluble A.” this paper, 
more definite statement made the factors concerned the production 
the rachitic lesions, 

“Previous experience with the rat had taught that the use faulty diets, es- 
pecially certain diets deficient the called fat-soluble both that substance 
and calcium, the cartilage and adjacent portions the metaphysis the long bones 
the extremities could rendered entirely free from calcium deposits and condition 
identical with the rickets human beings 


There are obvious advantages the use rats for the experimen- 
tal study this disease. Aside from the close resemblance the 
lesions those human rickets, the ease with which controls the 
same litters can obtained, the rapid development the lesions, the 
fact that variations susceptibility, possibly due differences 
breed, can eliminated, the possibility working with large numbers 
animals, and the economy space and expense, and finally the ease 
with which histological examinations the bones can carried 
out—all these considerations make the rat ideal experimental 
for the study the disease. 

continuing, means feeding experiments upon rats, the 
study the mineral elements, which has engaged the attention 
one for the past years, have found relatively simple 
diet which, far our experience goes, leads regularly the pro- 
duction marked rickets. has been further found that the intro- 
duction 0.4 per cent secondary potassium phosphate 
place equal weight, replacing about one-seventh, the 


Simmonds, Parsons, Shipley, and Park (9), 340. 
Shipley, Park, McCollum, Simmonds, and Parsons (10), 344. 
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calcium lactate contained the rickets-producing diet, has completely 
prevented the development the rachitic lesions, although without 
influence upon the growth and body weight. Our experiences are 
summarized Table 


TABLE 
Total No. rats examined. 
Diet No. Composition diet. 
(a) Rachitic. 

Patent flour, 95.0 per cent. 

Calcium lactate, 

Calcium lactate, 

Sodium chloride, 

Ferric citrate, 

Calcium lactate, 

Sodium chloride, 

Potassium phosphate 0.4 

Ferric citrate, 


Five these placed special diet age days; one days; all 
remaining animals started weeks age. 


The diagnosis each case has been based not only upon the gross 
changes found the thorax and long bones autopsy, but also 
upon the microscopic examination several ribs (Figs. 5), in- 
completely decalcified days Miiller’s fluid). The histologi- 
cal criteria rickets were: (1) the great increase the width the 
zone preparatory cartilage, and its irregular projection towards the 
diaphysis; (2) the failure calcium deposition this zone pre- 
paratory calcification; (3) the pronounced increase the osteoid 
tissue, both the region the metaphysis and along the shafts 
the bones. Most the rats showed spontaneous infractions, visible 
especially the internal surface callus beads and especially nu- 
merous the lower ribs near the chondrocostal junctions. 

was found that the diagnosis could readily established during 
life x-rays (Figs. 8). the rachitic rats there was plainly 
seen the head the tibia clear zone immediately beneath the 
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epiphysis, mm. width and concave towards the shaft. The 
normal controls rats which the potassium phosphate was included 
the diet showed distinct sharp line place this rarefied area. 


Protocols. 
Rat 1750.—Put Diet days age. 


Record Body Weight. 


Gross pallor eyes and mucous membranes. Slight cor- 
neal opacity. little bloody exudate inner canthi. Skeletal 
the left side there extraordinary deformity. The costal margin 
higher level than the right side, and the liver shows corresponding upward 
displacement. caused deep linear infolding the ribs the left 
side, beginning the seventh and extending the eleventh. The angulation 
the junction bone and cartilage, and slightly external the attachment 
the left leaf the diaphragm. marked swelling the chondro- 
costal junctions. Visible the internal surface the right wall the thorax, 
about mm. from the junctions the bone and cartilage, there are pearly 
bead-like thickenings the shafts the ribs, extending from the fifth the 
tenth rib inclusive. the left side, the angulation, seen from within, appears 
just proximal the cartilage, and there the same nodular formation, 
which more evident from the external surface, but visible also from within. 
Long bones: Normal. Lungs and abdominal noteworthy 
change. and flat. 

Microscopic great increase the width the 
zone preparatory cartilage, which extends towards the shaft the form 
two deep prolongations which the linear arrangement the hypertrophic 
cartilage cells entirely lost. Calcium deposition the matrix the cartilage 
imperfect the proximal portion and completely absent the distal part. 
There dense spongiosa occupying the region the metaphysis, and com- 
posed wholly broad osteoid, with only occasional central rem- 
nant calcified bone. The blood vessels penetrate the cartilage irregularly. 
The cortex broad, and the calcified bone surrounded both its periosteal 
and endosteal surfaces wide osteoid margin. The bone marrow shows 
fibrosis. increased width the proliferating cartilage 
both extremities, with deficient calcification the matrix. The spongiosa 
dense, and the trabecule are surrounded wide osteoid zones. excess 
osteoid present along the corticalis, especially about the perforating 
canals. Viscera show lesions interest. 

Diagnosis.—Rachitis. 

Rai 2605.—Put Diet days age. 
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Record Body Weight. 


Gross steamy margin. Ingrowth blood vessels 
from periphery left eye. gross deformity. There are definite 
early rachitic.changes the chondrocostal junctions; namely, increased width 
zone growing cartilage, perforating blood vessels, and irregular calcifica- 
tion preparatory zone. easily. Cartilage lower epiphysis 
broader than normal. Spongiosa thickened. hemorrhages 
gums roots incisors. 

Microscopic preparatory calcification four 
twenty-five cells deep with lateral projections into spongiosa. Latter composed 
exclusively dense osteoid, surrounded well formed osteo- 


blasts; hyperemic marrow vessels. There great excess osteoid along the 
cortex. 


marked. 

Rat same litter; maintained Diet 84; also showed marked rachitic 
lesions. 

Rat 2611.—Put Diet days age. 


Record Body Weight. 


Gross Thorax.—No gross deformity callus along 
ribs. Chondrocostal junction slightly beaded and definitely irregular, with 
increased translucency, and widening zone preparatory cartilage. Marked 
beading vertebral extremity ribs. Marrow hyperemic. Femur.—Shows 
broad zone cartilage and cuts with less than normal resistance. 
Opaque. deformity. changes; not taken for section. 

Microscopic fluid for days.) Zone prepara- 
tory cartilage fifteen twenty-five cells deep, irregular; calcification matrix 
imperfect. Dense spongiosa near cartilage, composed almost wholly osteoid 
surrounded active osteoblasts; wide osteoid margin shaft. Marrow spaces 


narrow; vessels hyperemic. Periosteum and perichondrium thickened over 
chondrocostal swelling. 


Diagnosis.—Rachitis. 

Rats 2615 and same litter; maintained Diet 84; also showed 
marked rachitic lesions. 

Rat 2606.—Put Diet days age. 


Record Body Weight. 


‘ 
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callus. Junction sharp and clear. Opaque zone preparatory calcification 
visible. with greater resistance than that No. 2605. 
Teeth—Opaque. 

Microscopic fluid for days.) Zone pre- 
paratory calcification four eight cells deep. Calcium deposit matrix normal. 
Slight irregular projections one two places. Ossification about cartilage 
fairly active; cortex thin, completely calcified—osteoid margin, not wider than 
normal controls same age. Spongiosa rarefied, marrow very hyperemic. 

bones, showing inactive osteogenesis. 

Rat from same litter Nos. 2603 and 2605. 

Rat 2612.—Put Diet days age. 


Record Body Weight. 


May have lost weight after death. 


Gross Thorax, swelling chondrocostal junc- 
tion; line straight, with opaque transverse band corresponding zone pro- 
visional calcification. normal epiphyseal line. 
mal, save for congestion and patches collapse lungs. 

Microscopic fluid.) Practically normal line. 
Preparatory zone two three cells deep. Adequate calcification ground 
substance. Osteoid invisible; osteogenesis inactive. Marrow cavity wide and 
hyperemic. Spongiosa scant. 

bone. 

Rat 2616, same litter, maintained Diet 85, showed normal bones, whereas 
Rats 2611, 2615, and 2617, the remaining members the litter, Diet 84, 
developed rickets. 


Calcium Content the Bodies Rachitic and Non-Rachitic Rats. 


Quantitative determinations the total calcium contained the 
bodies rats similar origin, feeding, and age those described 
the protocols, have also been made. Since not less than per cent 
the calcium the body belongs the bones, the calcium content 
the body necessarily runs closely parallel with the growth and ossi- 
fication the skeletal tissue. normal rat days age 
may expected contain about 0.7 0.8 per cent calcium, 
about 0.3 gm. rat weighing about gm. rats which have 
been kept upon the experimental diets here described, the percen- 
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tages calcium are somewhat more variable and their interpretation 
complicated the unavoidable differences size the animals, 
and, therefore, presumably their calcium content the time 
placing upon the experimental diet, and the fact that the final body 
weight sometimes lower than the maximum weight attained such 
experimental animal. Nevertheless, all comparable cases thus 
far examined, has been found that Diet 85, although containing less 
calcium than Diet has induced larger assimilation and retention 
calcium the body, evidently result the favorable influ- 
ence the potassium phosphate fed. This may illustrated the 
data Rats 2613 and 2614 which were the same litter Rats 
2611 and 2612 described the protocols. Rat 2613, which had 
practically stationary body weight (32 gm.) 
Diet 84, contained 0.311 gm. calcium, while Rat 2614, which also 
remained practically stationary weight (34 gm.), but was fed 
Diet 85, showed 0.475 gm. calcium. Thus, although growth 
body weight was not induced Diet 85, did improve the assimila- 
tion calcium such extent that the calcium the body became 
fully per cent higher than the parallel case Diet 84. 


DISCUSSION. 


would unprofitable discuss this time the specific factors 
Diets and 84, which may responsible for the production the 
rachitic lesions. These diets are inadequate for growth the amount 
and character the protein, well their content fat-soluble 
They contain liberal amounts calcium lactate and sodium 
chloride and only small amount potassium. Experiments 
determine the effect adding various deficient substances this 
basic rachitis-producing diet are now progress. 

The definite protective action the potassium phosphate, when 
substituted for part the calcium lactate, also not yet 
explained; and would carefully avoid the conclusion that rickets 
phosphorus. The quantitative relation the inorganic ions, rather 
than absolute deficiency any one them may determining 
factor, and may well that under certain conditions diet 
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which there unbalanced quantitative relationship the organic 
well the inorganic rickets may develop. 

However, our experiments seem demonstrate that rickets may 
induced prevented without change either the protein 
vitamine components the diet; the presence adequate amount 
calcium also itself does not afford protection against the disease. 
These facts appear firmly established the experiments, 
and lead question the importance attributed some writers 
the deficiency fat-soluble and calcium the production 
rickets. Further specific evidence bearing upon the fat- 
soluble will presented subsequent paper. 


CONCLUSIONS. 


simple diet presented which regularly induced rickets 
young rats. 

The substitution 0.4 per cent secondary potassium phosphate 
for small part calcium lactate this diet completely inhibited 
the development rickets. 

Quantitative determinations calcium the bodies parallel 
rats showed marked increase calcium content the rats receiving 
the added phosphate over those which developed rickets. 

While thus shown x-rays and histological examina- 
tions and quantitative chemical analysis that added potassium 
phosphate increased the assimilation and normal deposition cal- 
cium, may the quantitative relationship between the inorganic 
ions rather than actual deficiency any one them which was here 
the determining factor the cause prevention rickets. Our 
experiments and conclusions not exclude the possibility other 
causes rickets than those here discussed. 


are indebted Dr. Steiner for assistance the x-ray 
examinations and Miss MacLeod for the quantitative determi- 
nations calcium. 
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EXPLANATION PLATES. 


RC, resting cartilage; zone growing cartilage; zone preparatory 
calcification; prolongation cartilage into spongiosa; Sp., spongiosa; Os, 
osteoid tissue; Co, calcified corticalis; bone; calcified cartilage; 
Po, periosteum; medullary cavity. 


10. 

Fic. Rat 1750. Diet 83. Section rib showing rachitic changes. 
PLATE 11. 

Fic. Rat 2605. Diet 84. Section rib showing rachitic changes. 
PLATE 12. 

Fic. Rat 2611. Diet 84. Section rib showing rachitic changes. 
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13. 

Fic. Rat 2606. Diet 85. Section rib. Normal chondrocostal junction. 
14. 

Fic. Rat 2612. Diet 85. Section rib. Normal chondrocostal junction. 


Fic. Rat 2623. Diet 84. Radiograph showing rachitic changes upper 
epiphysis tibia. 


16. 
Fic. Rat 2624. Diet 85. Radiograph. Normal epiphyses. 


PLATE 17. 


Fic. Rat 2625. Maintained Diet 13, adequate for growth. Same 
litter Rats 2623 and 2624. Radiograph. Normal epiphyses. 
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Fic. 


(Sherman and Pappenheimer: Experimental rickets. I.) 
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(Sherman and Pappenheimer: Experimental rickets. I.) 
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(Sherman and Pappenheimer: Experimental rickets. 
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STUDIES THE PNEUMONIC EXUDATE. 


EFFECT PRESERVATION, TEMPERATURE, DIALYSIS, AND SALT 
CONCENTRATION THE ENZYME THE PNEUMONIC LUNG. 


FREDERICK LORD, M.D., ROBERT NYE, M.D. 
(From the Research Laboratory the Massachusetts General Hospital, Boston.) 
(Received for publication, March 28, 1921.) 


previous report one us! reported the demonstration 
cellular material obtained from the pneumonic lung proteolytic 
enzyme active eroding the surface Léffler’s blood serum 
hydrogen ion concentrations 7.3 6.7 and inactive more acid 
concentrations. Evidence was also brought forward the presence 
the cellular material proteolytic enzyme splitting peptone 
amino-acid nitrogen. This enzyme was operative hydrogen 
ion concentrations from 4.8 but most active 6.3 5.2. 

this report present certain further observations the 
conditions influencing the action the enzyme Léffler’s blood 
serum. 

Maintenance Activity the Enzyme under Preservation.—The 
enzyme capable eroding blood serum still remains active 
after preservation the ice box mixed with chloroform and toluene 
for period months. 

Effect Temperature the Enzyme.—The enzyme active 
incubator temperature. slightly active room temperature 
and inactive the ice chest. Its activity still persists after heating 
56° 65°C. for hour. After heating 75°C. for hour the 
enzyme inactive. 

Effect test the penetration celloidin sac, 
the following experiment was performed. cc. cellular material 
obtained from the pneumonic lung were placed celloidin sac 
previously sterilized submersion per cent alcohol for hour. 
The cellular material was allowed dialyze against cc. sterile 
normal saline for hour. One loopful the saline solution 


T., Exp. Med., 1919, xxx, 379. 
normal saline this series meant 0.85 per cent. 


199 


200 PNEUMONIC EXUDATE. 


outside the sac and one loopful the cellular material from within 
the sac were placed the surface blood serum. The 
saline solution showed erosion the medium while the cellular 
material from within the sac showed erosion. 
Effect Salt Concentration the Enzyme.—Material obtained 
from pneumonic lung was washed: through gauze with normal 
saline solution and the washed suspension centrifuged. The heavy 
grayish cellular suspension thus obtained was diluted with about 
cc. saline solution make about cc. total suspension. 
Equal parts (0.5 cc.) this cellular suspension and solutions sodium 
chloride different normality were mixed together follows: 


Tube No. Sodium chloride. Cellular suspension. 


0.5 
2XN 0.5 
4XN 0.5 
8XN 0.5 
16XN 0.5 
0.5 


Aun 


One loopful each mixture was placed the surface Léffler’s 
blood serum and incubated over night. All showed proteolysis. 
Increased concentration sodium chloride therefore does not seem 
inhibit the enzymatic action the material blood 
serum. 


CONCLUSION. 


The enzyme present the pneumonic lung exudate still re- 
mains active after preservation for months. 

The enzyme active incubator temperature before and 
after heating 65°C. for hour. slightly active room tem- 
perature and inactive after heating 75°C. for hour. 

Dialysis the enzyme not demonstrable. 

Activity persists when the enzyme mixed with concentrations 
sodium chloride varying from normal thirty-two times normal. 


For technical assistance the experiments included this and 
the subsequent articles this series, are indebted Miss Mar- 
garet Herrick and Miss Ruth Seybolt. 


0.5 
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PRESENCE ENZYME AND ANTIENZYME THE PNEUMONIC 
Lunc. FERMENT-ANTIFERMENT BALANCE. 


FREDERICK LORD, M.D., ROBERT NYE, M.D. 
(From the Research Laboratory the Massachusetts General Hospital, Boston.) 
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has long been evident that the exudate lobar pneumonia 
disappears absorption and the investigations and 
suggest that autolysis responsible. Simon demonstrated 
autodigestion gray greater degree than red hepatization. 
This was later confirmed and The work 


and others has demonstrated that the autolytic process 


with probability regarded due ferments set free from the 
polynuclear cells. 

important relation known obtain between ferments set 
free from cells and antiferment contained serum. Thus 
his investigation the capacity for proteolytic digestion pleural 
exudates produced dogs and rabbits, showed that the 
serum inflammatory exudate has the power inhibiting the 
action proteolytic ferments contained the leucocytes. 

Jobling, Petersen, and investigating the blood patients 
with pneumonia found that the crisis usually accompanied 
decrease the serum antiferment and increase ferment. 
According their view, ferment, probably derived from the tissue 


Verhandl. schweizerischen Naturforschenden. Ges. Basel, 1901, 
xiii, 308. 

O., Deutsch. Arch. klin. Med., 1901, 604. 

Silvestrini, R., Biochem. 1903, 713. 

S., Tr. Assn. Am. Phys., 1903, xviii, 359. 

Opie, L., Exp. Med., 1905, vii, 316; 1906, viii, 410. 

Jobling, W., Petersen, W., and Eggstein, A., Exp. Med., 1915, 
xxii, 568. 
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cells the body general, may mobilized and brought bear 
the diseased organ, the active autolysis which begins the time 
crisis depending altered relation between the ferment- 
antiferment balance. they point out, the isolation the involved 
region from the general circulation favors autolysis hindering the 
access blood serum with its great concentration antiferment. 
The following experiments represent attempt determine more 
clearly the source the ferment and the application the ferment- 
antiferment balance the pneumonic exudate. 

have usually found that the purulent sputum obtained from 
patients the later stages lobar pneumonia erodes the surface 
Léffler’s blood serum. The exudate autopsy from pneumonic 
lungs the later stages the disease commonly also produces 
erosion. Inasmuch the culture tubes almost invariably show 
bacterial growth the question may raised whether the action 
living bacteria their products may not responsible for the erosion. 
our experience, however, the bacteria found the pneumonic 
lung not alone cause erosion the medium, and have one 
instance obtained from the pneumonic lung the stage purulent 
softening sterile material capable eroding blood serum slants, 
suggesting that the action living bacteria not concerned 
the process. Such experience does not exclude the possibility 
that enzyme derived from the dissolution pneumococci may not 
responsible. 

Tests for the presence enzyme derived from dissolved pneu- 
mococci and capable eroding Léffler’s blood serum were performed 
follows: The bacterial growth Type pneumococcus obtained 
after incubation over night liter flask glucose broth was cen- 
trifuged. The sediment thus obtained was added cc. sterile 
bile and incubated for hours. The bile was then centrifuged 
high speed. Films from the small amount sediment showed large 
numbers Gram-negative and eroded remains pneumococci. The 
bile which the pneumococci had been dissolved caused erosion 
blood serum. evidence presented therefore suggesting that 
enzyme derived from the pneumococcus the cause the 
erosion. 
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The following experience indicates that substance inhibiting 
proteolysis exists early pneumonic areas and can washed out 
the exudate. Mashed material obtained from pneumonic lung 
the stage red hepatization when placed the surface 
blood serum failed erode the medium. The same material after 
washing five six times with normal saline solution produced erosion 
the medium, indicating that the inhibiting substance was thus 
removed the enzyme set free. 

The following experiment shows that normal human serum 
certain concentrations will inhibit the proteolytic action the pneu- 
monic exudate and lower dilution still allow the proteolytic action 
the exudate take place. furnishes strong support the 
belief that the inhibiting substance removed from the lung the 
previous experiment was excess serum containing antiferment. 
Mixtures were made cellular material obtained from the mash 
pneumonic lung the stage gray hepatization and normal 
human serum produce varying proportions cellular material 
and serum follows: 

cc. the lung mash (preserved with toluene and chloroform) 
were ground several minutes mortar. cc. were drawn off with 
capillary pipette, placed centrifuge tube, and spun down for 
minute low speed. The supernatant fluid was pipetted off 
and spun down high speed. This final sediment was washed 
twice with saline solution and recentrifuged No. plug the 
rheostat for minutes. The colorless and comparatively clear super- 
natant fluid was pipetted away and 0.5 cc. remained. 
These were made the desired dilutions with saline solution. 
Serum was obtained from fresh human blood and dilutions were 
made with saline solution. Precautions maintain sterility were 
used throughout. The dilutions make the cellular 
suspension and the dilutions serum are indicated Table 
drops the cellular suspension and drops the serum were placed 
sterile tubes and kept incubator temperature for minutes. 
Then drop the mixtures was placed blood serum and 
the presence absence erosion noted after hours the 
incubator. growth bacteria was observed the culture 
media. 
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shown Table the presence absence erosion depends 
the proportion cellular material serum the mixtures and 
not upon the dilution the cellular material, since the three 
material was the same each tube any one group. fairly 
definite relation obtains between the proportion cellular material 
serum and the production erosion. erosion was noted when 
the ratio was less than one part cellular material four parts 


TABLE 


Ferment-Antiferment Balance the Erosion Léffler’s Blood Serum. 


Dilution. Final dilution. 


Ratio 
“Cells.” “Cells.”| Serum. 


Amount 


a 
2 


Questionable erosion resulted when there was one part 
cells 2.66 parts serum, and enzymatic action was demon- 
strable when the cellular material exceeded this amount the ratio. 


DISCUSSION. 


The autolysis the pneumonic exudate may regarded 
local chemical process capable its peculiar evolution because 
the isolation the alveolar exudate from the general circulation 
the limiting alveolar wall. The disintegration the cellular 
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alveolar exudate the chief source ferments and the activity 
the ferments depends the amount serum the affected region. 
the inflammatory process advances the cellular elements become 
more numerous and the serum less abundant. The cellular ferments 
increase with the continued disintegration the cells and the in- 
hibiting action the serum ceases the alveoli, allowing proteolysis 
take place. The experiment cited above suggests that antienzy- 
matic action the serum terminates when the cells reach greater 
concentration than one part cells approximately three parts 
serum. The framework the lung may assumed sup- 
plied with sufficient blood maintain the necessary excess anti- 
ferment. such mechanisra this the lung framework spared 
permitting resolution the exudate and the part the lung 
restoration normal. not surprising also that times the 
mechanism should fail consequence improper local ferment- 
antiferment balance. Too great impairment the circulation 
and excess ferment are probably concerned the disintegration 
the pulmonary framework postpneumonic abscess. Too free 
supply blood with its content antiferment may regarded 
importance delayed resolution. 


CONCLUSIONS. 


The purulent sputum obtained during life and the exudate 
autopsy from the later stages lobar pneumonia commonly erode 
the surface blood serum. Cellular material obtained 
from the pneumonic lung early stage lobar pneumonia failed 
erode the surface until washed with normal saline solution. 
tures washed pneumonic cellular material and normal human 
serum fail erode blood serum when the amount cellular 
material less than one part cells approximately three parts 
serum. Erosion occurs when the cellular material exceeds this 
amount the ratio. 
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III. PRESENCE THE PNEUMONIC EXUDATE LARGE 
AMOUNT SPECIFIC ANTIGEN. 


FREDERICK LORD, AND ROBERT NYE, M.D. 
(From the Research Laboratory the Massachusetts General Hospital, Boston.) 


(Received for publication, March 28, 1921.) 


well known that the pneumococcus well certain other 
organisms produces the media which grows substance which 
may precipitated the homologous immune serum. This 
specific precipitation occurs the filtrates bouillon cultures, 
salt solution, and bile extracts. Dochez and Avery! have demon- 
strated such substance the cell-free fluid young cultures and 
the blood and urine experimentally infected rabbits and 
human beings. Blake and others? showed that specific precipita- 
tion present the peritoneal exudate infected animals. These 
observations and also Krumwiede and Valentine’s soluble 
antigen the sputum patients with lobar pneumonia, made 
highly probable that antigen would readily demonstrable 
the pneumonic lung. have seen publication bearing 
this matter present the following simple experiments determine 
the presence absence the pneumonic lung antigenic substances 
capable causing specific precipitin reaction with antipneumococ- 
cus horse serum. 

Soluble Antigen the Pneumonic Detection the Pre- 
cipitin Method.—Blocks pneumonic lung (‘Type pneumococcus) 


R., and Avery, T., Exp. Med., 1917, xxvi, 477. 

Blake, G., Exp. Med., 1917, T., Chickering, T., 
Cole, R., and Dochez, R., Acute lobar pneumonia. Prevention and serum 
treatment, Monograph The Rockefeller Institute for Medical Research, No. 
New York, 1917, 27. 

Krumwiede, C., and Valentine, Am. Med. Assn., 1918, 513. 
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were washed normal saline solution, passed through meat cutter, 
and the resulting mash was preserved preserve jar with toluene 
and chloroform. part this material was centrifuged and the 
supernatant fluid diluted with equal volume normal saline 
solution. This fluid when mixed with diagnostic horse serum showed 
precipitation the tubes containing Type antipneumococcus serum. 
precipitation was noted the tubes containing Type and 
sera. 

Another portion the same lung mash was centrifuged and the 
resulting supernatant fluid was pipetted off and diluted with 
equal volume normal saline solution from which 
tions were further made. Five tubes were then prepared each con- 


TABLE 


Precipitation. Test for Specific Antigen with Increasing Dilution Exudate. 


Final dilution. 
Tube Pneumonic fluid diluted with 


1 i f sali Precipitation. 
No. | serum. equa! saline Pnew- recipitation 
fluid. 


taining 0.4 cc. antipneumococcus horse serum and 0.4 cc. in- 
creasing dilutions the fluid obtained from the pneumonic lung, 
shown Table making the test constant amount 
antiserum (precipitin) was thus mixed with progressively dimin- 
ishing amount antigen (pneumonic fluid) the same volume. 
The tubes were incubated 37°C. for minutes. The precipitin 
tests were positive high dilution 1:320 the pneumonic 
fluid. 

The reaction doubtless due the presence the pneumonic 
lung large amount Type pneumococcus extract derived 
from the dissolution the organism. Tests similarly performed 
with other pneumonic exudates show that infection with Type 


i 
’ 
5 
| 
. 
| 
ae 
‘ 
Bx 


FREDERICK LORD AND ROBERT NYE 209 


II, pneumococcus can determined precipitin reaction 
when the exudate mixed with the homologous serum. The reaction 
appears specific. group reaction has been observed 
these tests. 
Similar tests were made maintaining the concentration the 
pneumonic fluid constant and increasing the dilution the serum, 
shown Table II. After incubation 37°C. for minutes 
precipitin tests were positive high dilution 1:20 the serum. 


TABLE 


Precipitation Test for Specific Antigen with Increasing Dilution Serum. 


Final dilution. 
saline Serum. monic 
solution. fluid. 
Incubation 
1:20. 0.4 min. 1:40 1:4 
CONCLUSION. 


lobar pneumonia due the fixed types pneumococci specific 
precipitin reaction obtained when the pneumonic exudate mixed 
with the homologous antipneumococcic serum. 
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IV. PRESENCE THE PNEUMONIC LUNG SOLUBLE SUB- 
STANCE INHIBITING AGGLUTINATION THE HOMOLOGOUS SERUM. 


FREDERICK LORD, M.D., ROBERT NYE, M.D. 
(From the Research Laboratory the Massachusetts General Hospital, Boston.) 
(Received for publication, March 28, 1921.) 


and Griffon,! Chickering,? and others have shown 
that agglutinins appear the blood lobar pneumonia patients 
during the course the disease during convalescence. Blake’s 
series, agglutinins for the homologous pneumococcus appeared the 
blood all patients who recovered, just before, during, after 
crisis lysis. ‘Their concentration increased rapidly the time 
recovery and remained elevated during convalescence the milder 
cases and showed tendency fall off the more severe cases. 
Reference his charts shows that one case the amount agglu- 
tinin, measured the highest dilution which positive test 
occurred, reached such concentration that the homologous organism 
was agglutinated dilution 1:32 the patient’s serum and 
that two other cases reached 1:16. Fatal cases failed develop 
demonstrable agglutinins the blood. 

has noted that empyema fluids due pneumococcus infection 
contain large amounts soluble substances which have the property 
neutralizing pneumococcus antibodies. For the purpose his 
investigation, indicated the protocol one his experiments, 
0.4 cc. empyema fluid due Type pneumococcus, cleared 
contrifuging, and mixed with equal volume increasing dilu- 
tion antipneumococcus serum, was tested for its power cause 
agglutination Type pneumococcus. The admixture pneumonic 


Besancon, F., and Griffon, V., Compt. rend. Soc. biol., 1897, xlix, 551, 579. 
Chickering, T., Exp. Med., 1914, xx, 599. 

Blake, G., Arch. Int. Med., 1918, xxi, 779. 

R., Exp. Med., 1917, xxvi, 453. 
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fluid with the homologous antipneumococcus serum our hands 
always gave rise precipitate which have had remove 
the centrifuge. 

Pneumonic Lung order determine 
what degree specific agglutinins for the homologous organism may 
present the pneumonic lung, the following experiment was 
performed with the macroscopic method. 

The lung mash from case Type pneumonia was centrifuged 
and increasing dilutions the supernatant fluid were transferred 
small test-tubes, each containing drops suspension Type 
pneumococcus, shown Table After hours incubation 
agglutination was noted dilution 1:2 the exudate, question- 
able agglutination 1:10, and none 1:20. control series con- 


TABLE 


Tests for Type Pneumococcic Exudate. 


Suspension Lung exudate. Final dilution 


Tube No. Pneumococcus Agglutination.* 


Dilution. lung exudate. 


Amount. 


Undiluted. 
1:10 


Observation after incubation for hours and ice box over night. 


taining the same strain Type pneumococcus and homologous 
antipneumococcus horse serum showed agglutination dilution 
high 1:80 the serum. 

The lung mash from second case fatal Type lobar pneumonia 
was similarly tested. The clear fluid was mixed increasing dilution 
with normal saline solution. each tube were added drops 
suspension Type pneumococcus. agglutination the 
organisms was noted any dilution, the lowest being 1:4 the lung 
fluid. Antipneumococcus horse serum agglutinated the same strain 
high dilution 1:40 the serum. 

case Type III pneumonia agglutination was observed 
any dilution, the strongest used being 1:2 the exudate. 
tests simultaneously performed Type III antipneumococcus horse 
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TABLE II. 


with Normal Saline Solution. 


Tube No. Serum dilution. Agglutination. 
1:10 
1:20 
1:80 
1:160 
1:320 


0.5 cc. increasing dilutions Type III antipneumococcus serum 0.5 
normal saline solution drops Type III pneumococcus suspension. 


TABLE 


Agglutination Titer with Normal Saline Solution and Chloroform. 


Tube No. Serum dilution. Agglutination. 
1:10 
1:20 
1:40 
1:80 
1:160 
1:320 


0.5 cc. increasing dilutions Type III antipneumococcus serum 0.5 cc. 


TABLE IV. 


Agglutination Titer with Normal Saline Solution and Toluene. 


Tube No. Serum dilution. Agglutination. 
1:10 
1:20 
1:40 
1:80 
1:160 


0.5 cc. increasing dilutions Type III antipneumococcus serum 0.5 cc. 
normal saline solution 0.5 cc. toluene drops Type III pneumo- 
coccus. 
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serum agglutinated the same strain pneumococcus dilution 
high 1:40 the serum. 

exclude the possibility that the method preservation with 
toluene and chloroform might influence the result, the agglutination 
titer Type III antipneumccoccus serum against the homologous 
organism was determined and found not vary more than might 
expected from some slight but indeterminable added dilution 


the serum when the serum was mixed with (1) normal saline solution 
(Table (2) saline solution and chloroform (Table ITI), (3) saline 
solution and toluene (Table IV), and (4) saline solution, chloroform, 
and toluene (Table V). 


TABLE 


Agglutination Titer with Normal Saline Solution, Toluene, and Chloroform. 


Tube No. Serum dilution. Agglutination. 


1:10 
1:20 
1:40 
1:80 


0.5 cc. increasing dilutions Type III antipneumococcus serum 0.5 cc. 
normal saline solution 0.5 cc. toluene drops chloroform drops 
Type pneumococcus. 


Our previous experiments indicate that there are only very small 
amounts of, agglutinins for the homologous pneumococcus the 
exudate, although still possible that agglutinins 
may present and undemonstrable consequence neutralization 
the large amount dissolved bacterial extract the exudate. 
There is, fact, evidence that when antipneumococcus serum 
mixed with the homologous exudate considerable amount ag- 
glutinin removed from the serum, indicated the experiment 
illustrated Table VI. 

series tubes numbered Bi, and after mixing varying 
dilutions homologous antipneumococcus serum and Type pneu- 
monic exudate diluted with equal volume saline solution, the 
resulting precipitate was removed means the centrifuge. 
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drops the clear supernatant fluid were then removed from each 
tube fresh tubes and each drops suspension Type 
pneumococcus were added. indicated Table agglutination 
occurred only Tube which contained dilution 1:2 serum 
and 1:4 pneumonic fluid. 

When, however, second set tubes numbered and 
containing 0.4 cc. increasing dilutions the same lot Type 


TABLE VI. 
Removal Agglutinin from Antipneumococcic Serum Homologous Pneumococcus 
Exudate. 
Pneumonic fluid equal 
Type serum. volume Final dilution. 
normal saline solution. Suspen- 
10 - 
uid 
0.4 1:10 0.4 1:20 
0.4 1:20 0.4 1:40 
0.4 1:40 0.4 1:80 
0.4 0.4 Undiluted. 1:4 
0.4 0.4 1:10 1:40 
0.4 0.4 1:20 1:80 


The plus signs indicate the presence agglutination, without regard its 
degree. 
Centrifuged remove precipitate. 


antipneumococcus serum and prepared the same time, 0.4 cc. 
normal saline solution were added place the pneumonic exu- 
date and drops the same suspension Type pneumococcus, 
agglutination took place high dilution 1:20 and 1:40 
the serum. There are, therefore, substances the exudate 
which inhibit agglutination the agglutinins are removed the 
precipitation. 


a 
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control, Tubes and C;, drops the same suspen- 
sion Type pneumococcus were added increasing dilutions 
the fluid plus equal volume normal saline solu- 
tion. agglutination took place any dilution, the highest 
strength the pneumonic fluid used being 1:4.. The agglutination 
the organisms the mixture antipneumococcus serum and 
the agglutinins the serum rather than any the pneumonic 
exudate. 


CONCLUSIONS. 


Specific agglutinins for the homologous pneumococcus are lacking 
present only small amount the pneumonic exudates due 
the fixed types pneumococci. Suspensions fixed types pneu- 
mococci the supernatant fluid obtained after centrifuging the mash 
the pneumonic lung give positive agglutination tests dilutions 
not higher than equal parts suspension and supernatant fluid 
(1:2). The pneumonic lung contains soluble substance inhibiting 
agglutination the fixed types pneumococci the homologous 
antipneumococcus serum. 
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